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presented at the jr;th meeting of the American 
Insiiiuie of Piectricai I'lnginiers, fi-ew Vork, 
January i,|, 

C''o|:»yri^2ht V.tU'>. By A. I. E. E. 


OUTLINE OF THEORY OF IMPULSE CURRENTS 


BY CliARLES P. STEINMETZ 


Abstract of Parer 

In Part I it shown how, froni tlu* inleRral c>f the general 
dilliB'eiitial e(|na!ion nf tlu‘ t'leotrit* eireuit, which lias been dis- 
laisscd in a jircvirnis pain-r, all the types of electric currents are 
iicrived as spi*(‘ia.l cases, currespondinE to particular values ol the 
irilcEration eonsianls. 

Idle equaliims of the circuits with massed cMuislants, tliai 
is, thi* m'ma! ehsclrir* i'ircuits, are derived by sul>stituting zero 
for the (cliH'tricali length of the circuit. 

Itcaidc!; the iB'^^ural transients, discussed in a previous 
|ia|»cr, f/hree main classes cif currents arc? sliown to exist, 
r‘orrespomlinB to ditlerent vrdues of the time exponent ir. 

ddie alternating iuirrents, eorrespondiiig to if ™ imaginary, 
wliich an.' tin* tisi'fnl eunamts of our eleetrie circuits. 

1die itnpuhie ciuTimts, cona'Sponding to rejd vaJties of 
wliicli may be eallci! iiarmftd currents of our electric circuits. 

Ainl, as lirnil casts for// - 0, the c(>ntinuou;acurrcnt circuit 
di'dritmted cousttmts. 

I'he lasd, case, a contiuuous current in a ciiamit with dis- 
,„atct! !*«•:',ij;tatice amd l(.‘akaj„te, is dii’.eussc<.h and it is shown 
tliai such eontiuuoim^eurreni circuit has many features which are 
matallv cfuisidercid an typical alternatiugmurrent wave trans- 
iiiissicm. it consists a main current and a return current; 
coinplete rcfli'ction oecurs at the end the circuit; iiaiijal 
rellecfion at a ta’ansition pfiint; a surge resistance exists,^ which, 
eoiinecfs'd to the’ c’ircuit, |>asses t.l»e current witliout retiection. 

In Part. II an outhne of i;lie tlnairy of impuha„i currents is 
given, hiiey lamifirist* two classes, the non-periodic and^ the 
lieriodic iiii|uilse eiirrmits. 'rin* equations of l>oth tire jpven 
in ditliuami form, by exponential and by hypiu’liolic or trigono- 
meirie fiifirtioris. Their ehanieteristies are: 

Impulse current arul volfsige may l>e resolved into a nuxin 
vrave ami a return wave, 'rhe return wayi: is displaced from ilie 
main wave in time tind in iiosilion. A time displacement exists 
Iietweeri tlu:* two current waves and their corresponding voltage 
wav'es. Iliis time disphtcemmit may be a lag of the current be¬ 
hind tile voltsige, or a lead, depending on the circuit constant. 
In tlie |ii'*ri{':)die inifuilse eurfimts, the (iisplaceinent between nitiin 
wave and, reiurn wave is represented by a position angle, and 
the two iyurnmi waves are in quadrature in imsition, to their 
resfiective voltage waves. 

A iiiw S|:iecial eases are discussed. 
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2 STEINMETZ: IMPULSE CURRENTS 


I. TYPES OF CURRENT 

A. General 

I F r = resistance 

g = shunted conductance 
L = inductance 
C = capacity 

per unit length of any circuit or section of a circuit, then in any 
line element dl of the circuit, the voltage consumed is 


U/ * I 7" 



and the current consumed is 


di 

dl 


— g e C 


d e 
d t 



Differentiating (1) over di, and (2) over dl, and combining 
gives 


dH 

dP 


^ „ dH . / ^ d i , 

^ + -JT + 



Integrating, 

i — A €~~^^ 



where 




r 

g 




z 
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is the surge impedance or natural impedance of the circuit, and 
a and h are related by the equation 

= h^ LC — h {r C g L) rg (7) 

= {hL - r) {bC - g) 

The general solution then is a sum of such terms (4) and (6). 

These equations must represent every existing electric cir¬ 
cuit, and every circuit which can be imagined, from the lightning 
discharge to the house bell, and from the alternating-current 
transmission line to the telephone circuit, with the only limita¬ 
tion, that ty g, L, C are constant within the range of the currents 
and voltages considered. 

The difference between all electric circuits thus merely consists 
in the difference of the constants A, a and b, and the difference 
in the length I of the circuit. 

If Z = 0, that is, the length of the circuit is negligible compared 
with the rate of change of i or e, (4) and (6) give the equations 
of all the circuits with massed constants, otherwise we get the 
equations of the circuits with distributed constants. 

In general, a and b are general numbers, related to each other 
as in (7). Choosing b as the independent constant, 

^ = 0 gives the continuous currents. 

b — real gives the impulse currents. 

b = imaginary gives the alternating currents. 

1) = general or complex imaginary gives the’ general transients. 

^ — 0 or imaginary thus gives the permanents, continuous 
current and alternating current. 

b = real or general gives the transients, impulse currents and 
general transients. 

Thus, while the continuous currents represent a limiting case, 
the alternating currents and the impulse currents are two co¬ 
ordinate classes of currents. While the alternating currents are 
the useful currents of our electric systems, the impulse currents 
may be said to be the harmful currents in our systems, as many 
of the disturbances and troubles in electric systems are caused 
by them. 

The theory of alternating currents is discussed in numerous 
publications, but little systematic study has been made of the 
impulse currents, and their general theory thus will be given in 
the following, and also that of the limiting case of the continuous 
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currents in a general circuit of distributed constants. The theory 
of the general transients has been outlined in a previous paper * 

B. Circuits with Massed Constants 
Substituting in (4) and (5): 

e — 0 when I = 0 

and considering that, by equation (7), a can have two values, for 
every value of + a and — a, we have, 


i = A 


(8) 


e 


a 


4 {e 


ai 




Assuming now I as inlinitely small, and substituting 

€ = 1 ± a I 


(9) 


in (8), gives, as the general equation of the circuit with massed 
constants, 

i = B 


e = (ro — bLi)) B e 


bt 


( 10 ) 


where 

B = 2A 
ra = Ir - 

Substituting b 


al resistance of circuit, 
total inductance of circuit. 
= 0 in (10), gives 

i = B 


e 


r, B 


( 11 ) 


as the equation of the continuous-current circuit. 

For b = real (10), the equations of the inductive discharges arc 

~ IJ C 

0 rar — bLto) B 

. , I* 

= Ti) % -t“ Ao 


(it 




*A. L E. E. Transactions 19()<S, page 1231, $ 
in Section IV of “ Transient Phenomena.*'. 


more c 


a tel 
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vSiibstituting b = ±j c gives as the equation of the alternating- 
current circuit, 


Cl cos ci' + sin ct 


(13) 


where 


c Lo Ct) cos ci + (/() Ct + clii Cl) sin ci 
6*1 — Bi -f- lit 

Ct = j (Bi Bt) 


C, CONTIHUOim-ClIHRENT CIRCUIT WITH DISTRIBUTED 

Constants 


0 


(14) 


I? roni 

id, .A *>i^ 'M m 


Tl'% 


a 


4 

± vr/; 


(16) 


and from (6), 


it: 


V ^ 


(16) 


substituting (16) and (16) in (4) and (6) gives 


f 




4, e-‘^^ -f- A% 

(17) 

j.4i €“' ~ A-2 6+''^’’''! 

(18) 


These equations do not contain L and C, that is, inductance 
? liave no effect on the permanent continuous-current 


'ifi' f \ '"1 


I «. 


circuit with distributed constants, but only resistance and con¬ 


ductance, that is, leakage. 

Equations (17) and (18) are the equations of a direct-current 
circuit having distriluited leakage, such as a xnetallic conductor 
submerged in water, or tlie emrrent flow in the armor of a cable 
laid in t!i,c or tlie current flow in the rail return of the 

direct-current railway, etc. 

r is the series resistance |)er unit length, g tlie shunted or leak¬ 
age conductance per unit length of circuit. 
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Where the leakage conductance is not uniformly distributed, 
but varies, the numerical values in (18) change wherever the 
circuit constants change, just as would be the case if the resist¬ 
ance r of the conductor changed. If the leakage conductance 
g is not uniformly distributed, but localized periodically in space 
—as at the ties of the railroad track,—when dealing with a suffi¬ 
cient circuit length, the assumption of uniformity would be 
justified as an approximation. 

{a) If the conductor is of infinite length—that is, of such great 
length, that the current which reaches the end of the conductor, 

is negligible compared with the current entering the conductor, 
we have 

^2 = 0 

This gives 

i 



that is, a conductor of infinite length (or very great length) of 
series resistance r and shunted conductance g, has the effective 

resistance r' = \/ 

g 

It is interesting to note, that at a change of r or of g the effect¬ 
ive resistance r', and thus the current flowing into the .conductor 
at constant impressed voltage, or the voltage consumed at con¬ 
stant current, changes much less than r or g. 

{b) If the circuit is open at / = U, we have 


Hence, if 


i = Ai -p ^2 = 0 


A 


A I ~ A2 


we have 


i {€+■ — £— (/o-O 


= A \/- 


g 


|g+(io-i) y/rg -j- -g- ih-l) y^rgj 


( 21 ) 
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(c) If the circuit is closed upon itself at I = k, we have 

e = V — {^1 A, 6+'“'^^} = 0 

g 

Hence, if 


A = Ai = Ai €+‘“'^’'1 


we have 


^ = 


e — 


A (g+(!o-f) '^rg ^ g- (h-l) 

^ V jg+«o-i) _ g- wo-o vTij 


( 22 ) 


g 


If, in (22), lo = 0, that is, the circuit is closed at the starting 
point, we have 

i = A { 


v: 


e = A 'V — e+^'^’'«} 

g 


or, counting the distance in opposite direction, that is, changing 
the sign of I 




e = A V — 
g 


•/ V; 


(23) 




(d) If the circuit, at Z = k, is closed by a resistance To, we have 


e 

* 


i=u 


ro 


hence, 


Ai - Ai e+'° 

Aj^ €“'» + Ai €+'“ 


ro 


V. 


g 
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or, 


Ai e+'“ 


r& 


V- 




ro 


-41 € 


■/o v'; 


rg 


A 






+ Tq 


Vl 


Tq 


V. 


H~ To 


-4 


- / 'N/ri' 


^0 






Tq “h 


a/- 


•(2/o™/) Vri; 






v: 


g 


•I ^rg 


ro 




V j: 

g 


r<i + 


v: 


{2k-^ i)\^rg i 


g 


These equations (23) and (26) can be written in various dif¬ 
ferent forms. They are interesting in showing in a direet-eurrent 
circuit, features which usually are considered as characteristic 
of alternating currents, that is, of wave motion. 

The first term of (23) or (26) is the out-flowing or main current 
or voltage, respectively; the second term is the reflected one. 

At the end of the circuit with distributed constants, reflection 
occurs at the resistance ro. 

If ro >V'y, the coefficient of the second term is positive, and 

partial reflection of current occurs, while the return volti 
itself to the incoming voltage. 


ficrr* fi 


If ro < V y, reflection of voltage occurs, while the return 
current adds itself to the incoming current. 


If ro 


s/jL 

g ’ 


the second term vanishes, and the equations 


(26) become those of (19), of an infinitely long conductor. That 

IS! 
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A resistance‘rci, 


,1? 


of a direct-current circuit of distributed constants, 


passes current and \a)Ita^e witliout reflection. A higher resist¬ 
ance fo partially reflects the \a:)ltage—completely so for ro = , 

or open circuit. A lower resistance fo partially reflects the cur¬ 
rent'..completely so for fo = 0, or short circuit. 

tlius takes in direct-current circuits the same position 

as the surge impedance in alternating-current or transient circuits. 

D. Altisrnatikc^-Ci'rrkkt Circuits with Distributed 

Constants 


y equation (7), a then Inmoines a general number: db {h ±: j k), 
and the corres|'>onding \‘a,lues of b and a exist: 


h 


+ j q. 

I y Jr 

J V 

J '/ 
+ ./ V 


(I -p. li — j b 

”i“ li “f" j k 

*”“• h "*™ j k 

»* 

h + j k 


Substituting these in ec|uation (4), and sul>stituting for the 
exponentials with imaginary ex|K>nent tlie trigonometric expres¬ 
sion, gives 


€ .JiC cos fw 




-f IJ2 

■{ COS (kl + qt) + Hi sin (k I + 


where 


1 . ^'1 li 

/(/11 A a ) 


Ih 


A ;j “b 4 

4 ^ 


U A 3 


Resolving now tlie trigonometric exjiression of (26) into expres¬ 
sions of single angles, and eliminating tlie function of time by the 
introduction of the vector notation, 


I cos 


2 c.a:)s 
;i cos qi 


Cl 


J ~ A i 


.h 3 


u d“ J 


':i + J Bi 


1 'i. 


/I 2 


COS 


3 S 


1 , 
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gives as the expression of the current, 

/ = (cos kl + j sin kl)- A 2 (cos kl - jsmkl) (27) 

and in the same manner, starting with equation (5), 

jp — \/ 1 e (cos kl + j sin kl) +-426 (cos kl 

— j sin kl) } (28) 

where 

Z == r + j qL 

y-g+jaC (29) 

g = 2 tt/ 

These are the usual and well known equations of the alter¬ 
nating-current transmission line in symbolic expressions. 

11. IMPULSE CURRENTS 

A. General 

Impulse currents are characterized by the condition, that 
the time exponent 5 in equations (4) and (6) is real. 

By equation (7), to every value of h correspond two values 
of a, equal hut of opposite sign: 

± a 

By the same equation, to every value of a correspond two 


values of 6: 

b 

— UzE S 

1 - . - 

(30) 

where s- - V nP 

(31) 

is the energy transfer constant, 

* 


L ^ C \ 

(32) 

\ 

is the energy dissipation constant, and 


1 

m 2 


(33) 


is the distortion constant of the circuit. 
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As b must be positive, it must be, by (30) 

52 < ^2 


11 


(34) 


Since u and b are real, by (30), 5 must be real, thus by (31), 


+ 7^77 must be real and positive. 


L C 


As is real, ^ must be real, and must either be positive, 

j-d o 

2 

or, if negative, — q must be less than m^. 

a thus must be either real, or imaginary, but it can not be 
complex imaginary. 

This gives two classes of impulse currents: 

Nou-‘pCTiodic ifHpulsc cuTVCfits' Cl real, ci positive. ^ 

Periodic impulse ’currents: a imaginary, negative, and 


— a^<LCm^ 

The terms periodic ” and non-periodic ” here refer to the 
distribution in space, but not in time, since as function of time 
the impulse currents are always non-periodic. 

The relations between the constants thus are: 

Non-periodic impulse currents'. 

^2 — positive 
a ^ zh h 

, _ A/rf + ^ (36) 

h = Vl C - m^) 

> „j2 


and corresponding values of a and b are: 


a: 

b: 

+ h 

u — s 

- h 

u -- s 

- h 

u s 

+ h . 

u s 


( 36 ) 



12 


STEINMETZ: IMPULSE CURRENTS 


[Jan. 14 


Periodic impulse currents: 

cp = negative 
a = =b j ^ 


s 

k 


= y rri‘ 




L C 

VL C 


s^ ^ 

and corresponding values of a and b are: 


a: 

b: 

+ jk 

u — s 

- jk 

u -- s 

+ jk 

u s 

- jk 

u s 


(37) 


(38) 


B. Non-Periodic Impulse Currents 
Substituting (36) and (36) in (4) and (6), and rearranging, 
gives: 


i = e““‘ {^1 + Ai 6+**+-'' + Az £+^-*' + Ai } 


e = V €~“‘ |c Ai — cAi £+*'+*' 

(39) 

where 

(40) 


These equations (39) can be simplified by shifting the zero 
points of time and distance, by the substitution: 

Ai = Di 
Ai = Di €~’'b 

Az = A: Di (41) 

At = d: Di €+“' + ^‘' 

—m. g -f-i/O ^ 


c 


(42) 
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Hence 



1 , s + m 

2 s s — m 


and writing 
and 


t for t — to 
I for I — h 


they then assume the form: 


(43) 


— Da ± g-w-s((-W]j (44) 

g ^ {Di [€-'>'+^‘ ± € + “■"'] 

+ Da [e+“+^‘ =b ]} 


or, expressed in hyperbolic functions. 

i = {Di cosh [W - st{t - <o)] - B 2 cosh [hi + sit “^o)]} 

(46) 

g z=\/ ^ - 6"“' {Di cosh [hi — 5i] + cosh {hi + 5f]} 

c 

or the corresponding sinh functions, in case of the minus sign in 

equation (44). . , . , r 

The impulse thus is the combination of two single impulses ot 

the form 

^~ut hi + si ^ hi - si ^ 

which move in opposite direction, the Di impulse towards rising 

dl 

l- JL > 0, and the Da impulse towards decreasing 1: ^ < 0- 
dt 

The voltage impulse differs from the current impulse by the 
factor a/ (the ‘‘surge impedance”), and by a time dis: 

placement to. That is, in the general impulse, voltage e and the 

current fare displaced in time. 

to thus may be called the time displacement, or time lag o t e 

current impulse behind the voltage impulse. 
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to is positive, that is, the current lags behind the voltage im¬ 
pulse, if in equation (43) the log is positive, that is, m is positive, 

or:, —j— ^ , that is, the resistance-inductance term pre¬ 

ponderates. 

Inversely, 4 is negative, and the current leads, or the voltage 
impulse lags behind the current impulse, if m is negative, that is, 

Y g 

^ ^ Qj* c8/p8,city tcrui prcponcicrs.'tcs. 


If ^ — 0, that is, no shunted conductances, the current impulse 
always lags behind the voltage impulse. 


If m = 0, that is, 





L 

C 


~, to — Oy that 


is, the voltage impulse and the current impulse are in phase with 
each other, that is, there is no time displacement, and current 
and voltage impulses have at any time or at any space the same 

shape, distoftiouless civcuit, yh therefore is called the distoTtiofi 
constant of the circuit. 

In the individual impulse 


(g-A/ +5/ ^ g -f ^ ^~hl S)t ^ hl^-{u+s)t 

(46) 


the term € - «< is the attenuation of the impulse by the energy 
dissipation in the circuit, that is, represents the rate at which the 
impulse would die out by its energy dissipation. 

The first term r e dies out at a slower rate than given 

by the energy dissipation, that is, in this term, at any point /, 
energy supplied is left behind by the passing impulse, and as the 
result, this term decreases with increasing distance by the factor 
€ ^ , inversely, the second term, dies out more rapidly 

with the time, than corresponds to the energy losses, that is, at any 
point /, this term abstracts energy and shifts it along the circuit, 
and thereby gives an increase of energy in the direction of pro¬ 
pagation, by In other words, of the two terms of the im¬ 

pulse, the one drops energy while moving along the line, and the 
other picks it up and carries it along. 

The terms thus represent the dropping and picking up of 
energy with the time, the terms e the dropping and picking 
up of energy in space along the line. In distinction to which 
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may be called the energy dissipation constant, s (and its cor¬ 
responding h) thus may be called the energy transfer constant o 

the impulse. The higher 5 is. the greater then is ’rate 
energy transfer, that is, the steeper the wave front, and 5 thus 
may also be called the wave front constant of the impulse. 

Substituting in equations (44), i = 0, gives the equa ion o 
the impulse in a circuit with massed constants: 


_ ^ ^ £ - Mi (i- /o) ^ ^ ^ C ) 


c 


where 


A = D\ — Di 

B = ”1" 


Substituting in equation (39), 

Ay= ±B 

A2 = ±B 

Ai = ± B g-«i+s'i+* 

^4 = db 5 


and writing 


c = 

t for t—h + 




I for I — lx 


and rearranging, gives 

i = B [e+^ ± k t) 


B 


C 


si 


(48) 

] ± e + *‘ [6+^ 




where 


( 49 ) 
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writing 

t for t — h + t' 

I iOT ^ 

h 

the substitution of (47) and (42), gives, after rearranging, 

e = B \/ -L- g-«< {e~*' [e+^ ± e“^*] ± €+■'“ 

[g + A(/-n ± £-A(/-/']j 

(60) 

where 

Z' = ^ (61) 

Equations (48) may be interpreted as showing two impulses, 
the main impulse, and the reflected impulse. The main im¬ 
pulse, with 6"^^ decreases with increasing /, that is, progresses 
towards rising 1. The reflected impulse, with starts at 
the time /' after the start of the main impulse, and decreases 
with decreasing I, that is, progresses towards decreasing L 
The two current impulses lag behind their voltage impulse 
by time to. 

Equation (60) shows the two component impulses, the first 
one dropping energy along its path, and thus decreasing with 
the time at a greater rate than corresponds to the energy dis¬ 
sipation, and the second one, displaced in position from the 
first one by distance T, picking up the energy dropped by the 
first one. 

The current again lags behind the voltage by time ^o- 
The distance displacement P of the component impulse in 
(60) is related to the time displacement of the two component 
impulses in (48) by (49) and (51): 

t' h 

that is, /' is the distance traveled by the impulse during time t\ 





rii‘ i*x 




i'i' 

ri i4^ aiid ‘iX 


■ „ J. e .' .1 1" ■ 4 ? ^ f ■> - ■ 

: '‘i,, t. ' i-i I ii -’•■ i « * * ■. 


till IX 




»# iftf *r %"*• :■ ’• 

:-4if I i u !■ it#.f.. 


lilt' 


fixfillii’, alii! ri*uiTaii| 


b I 4 „ » * * 


i:‘ 








I inf I ■'-■■ 11 4- Iti 
I fur I 4"' In 









18 


STEINMETZ: IMPULSE CURRENTS 


[Jan. 14 


Equations (58) of the periodic impulse have the same form as 
equations (52) of the non-periodic impulse, except that the trigo¬ 
nometric functions of distance take in the periodic impulse the 
same position as the hyperbolic function in the non-periodic 
impulse. 

Current and voltage are in quadrature with each other in their 
distribution in space, in either of the two components of the 
periodic impulse. That is, in each of the two components 
maximum current coincides with zero voltage, and inversely. 

The two components of the periodic impulse differ in the phase 
of their space distribution by the distance lo, the second compo¬ 
nent lagging behind the first component by the distance /o- 

In each of the two components of the periodic impulse, the 
current lags behind the voltage by the time to. 

Current and voltage thus are in quadrature with each other in 
space, and displaced from each other in time, by the ‘‘ time dis¬ 
placement ” to. 

to is positive, that is, the current lags behind the voltage by 
time to, if m is positive, and to is negative, that is, the current 
leads the voltage, if m is negative. 


Since m = 




it follows: 


The current lags behind the voltage, if^ , that is, if 
the resistance-inductance effect preponderates. 


The current leads the voltage if 


^ ^ , that is, if the ca- 


C 


> 


L 


pacity effect preponderates. 

The voltage equals the current times the surge impedance 






C 


, but is in quadrature with it in space, and the cur¬ 


rent is lagging by to in time. 

By the conditions of existence of the periodic impulse, .s must 
numerically be smaller than m. 

s = 0 gives 
by (57): sto = 0. 
by (37): k = m VITC 
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and by ( 68 ), 

i = B {cos kl' ± cos k {V — It))] 
e = BV {sin k I' ± sin k {V — U)\ 

c 

Hcncc, current and voltage are in phase in time, but in quadrature 
in space. 

5 = m gives 
= 0 

hence, from (63), 

i = e-’“ {Di €+«' + Ds e-“') 

g = V -h— (Di e+® + Di e-”' ‘ +''^) 


hence, substituting for u and m, 



where 

Di' = Di €+'"'> 

Di' = Di 

In this impulse, the capacity terms and the inductance terms 
are separate, and current and voltage are uniform throughout the 
entire circuit. 

■ The constants D ox A ox B are determined, as integration 
constants, by the terminal conditions of the problem. 

For instance, if at the starting moment of the impulse,, that is, 
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at time ^ = 0, the distribution of current and of voltage through¬ 
out the circuit are given, we have by (53), for / = 0, 

i = {Di ~f" -^ 3 ) cos kl — {Dq, -^ 4 ) sin^Z} 

e = VI (c D 2 + ^) cos kl 

+ (c Z>i + -~) sin kl^ 

The development of the given distribution of current and 
voltage into a Fourier series thus gives in the coefficients of this 
series the equations determining the constants Di, Ds, ^> 4 . 

The expressions for i and e, given in equations (39), (44), (45), 
(48), (50) and (52) for the non-periodic, and in equations (53) 
and (58) for the periodic impulse, obviously apply to a simple 
impulse only, and a general impulse is represented by the sums 
I i and I e oi all the expressions i and e, whose integration con¬ 
stants satisfy the terminal conditions of the problem. 
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Discussion on “ Outline of Theory of Impulse Cur¬ 
rents ” (Steinmetz), New York, Jan. 14, 1916. 

Charles P. Steinmetz: “Outline of Theory of Impulse 
Currents” is a continuation of the paper on the general equa- 
tion of the electric circuit, read eight years ago. In the previous 
■naoer it was found that the general differential equation, wnic 
llllL to every electric circuit or section of circuit having 
constant values of r, L, g, and C, can be integrated by an ex¬ 
pression consisting of four terms, two main waves and tneir 
two return waves. One of the waves dies out at a greater, 
the other at a slower rate than corresponds to the energy dissi¬ 
pation in the circuit, and therefore the former transfers energy to 
the latter, thus representing the energy transfer along the 
circuit, as occurring in traveling waves, a-c. transmissim etc. 
These two waves coincide, and the energy transfer coefficient 
becomes zero, in the stationary oscillation of a uniform circuit, 
they do not coincide, however, in the stationary oscillation o 
a compound circuit, but energy transfer occurs from sec ions 
of lower energy dissipation, to sections of higher energy dis- 

In the first part of the present paper, a classification of the 
different types of electric current is made from the general equa¬ 
tion of the electric circuit, and in the second part, various forms 
of the equations of the general impulse currents are derive . 

Two methods of studying engineering phenomena exist, 
which may be denoted respectively as the syfithctic method 
and the analytic method. 

. The synthetic method starts with the study of special cases, 
and by correlation of the special cases, by generalization and 
classification progresses from special to general, and thus 
finally to the complete structure of the engineering science. 

The analytic method starts from the general (differential) 
equation of the science based on the fundamental underlying 
laws, and by substituting all the possible values of the con¬ 
stants and the terminal conditions, thereby derives the differ¬ 
ent classes of the phenomena, thus progressing from the most 
general to the special. 

As engineering is based on experience, and experiment neces¬ 
sarily deals with special cases, the synthetic method is the first 
in the development of engineering, and the analytic method, 
requiring the knowledge of the fundamental laws, can be at¬ 
tempted only later. 

However, the synthetic method can never give assurance 
of the completeness of our knowledge, for entire classes of 
phenomena may be omitted, if it happens that they have 
never been empirically observed or recognized. Inversely, 
the analytic method gives the complete structure, but only 
so far as it is based on the fundamental laws represented by 
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the general equation, and thus may not be comprehensive, since 
any phenomenon which does not obey these laws, would not 
be included. 

Thus the two methods are supplementary, the analytic 
method checking the completeness of the synthetic, and the 
synthetic checking the comprehensiveness of the analytic. 

The theory of electrical engineering, relating to direct currents, 
alternating currents, exponential discharges, oscillating currents 
and other transients, was developed synthetically; and the 
purpose of the first part of the present paper is, by the analytic 
method, to derive all possible types of currents by substituting 
all possible values of constants and of terminal conditions, 
and thereby check, whether any class of current of indus¬ 
trial importance has escaped recognition. This appears prob¬ 
able, as the observed transmission line phenomena do not 
entirely agree with the characteristics of the currents by which 
they are usually explained. 

During the development of high-voltage long-distance trans¬ 
mission, phenomena were observed during disturbances in the 
transmission lines or underground cables, which could not be 
explained by the normal voltage supplied by the generating 
machinery. The first attempt at explanation was made in 
the study of the “natural period” of the circuit, the abnormal 
voltages resulting from the free oscillation of the line as a quarter 
wave (or half wave or full wave), and its higher harmonics. 
In a few instances this agreed fairly well with the facts, thus 
pointing to quarter-wave oscillations as possible line disturbances. 
Usually, however, it did not agree for a quarter wave oscillation 
would be felt over the entire circuit, whereas experience showed 
most line disturbances were more local in character, that is, very 
severe at some places, but rapidly decreasing with the distance. It 
further showed, as characteristic, the piling up of voltage locally, 
especially at inductive parts of the circuit, such as transformer 
end turns, inductances, current transfonners etc, This led to the 
explanation of the disturbance as due to high frequency. High- 
frequency travelling waves would give local abnormal voltage, 
and rapid attenuation with the distance from the origin, and 
therefore would satisfactorily explain the most frequent line dis¬ 
turbances, except in one feature, namely, that such high-frequency 
oscillating currents should give pronounced resonance effects. 
Such resonance effects, leading to the formation of stationary os¬ 
cillations of destructive value, have been observed and experi¬ 
mentally reproduced in recent years, in the high-potential wind¬ 
ings of high-voltage power transformers, usually of frequencies 
between 10,000 and 100,000 cycles, and their existence has there¬ 
fore been proved. However, in most cases of transmission line 
disturbances, resonance phenomena are remarkably weak or 
entirely absent, and it therefore appears that many trans¬ 
mission line disturbances are impulsive rather than oscillatory, 
which has led to the question of the existence, the characteristics 
and the equations of impulse currents. 
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In a circuit with localized capacity, inductance and resistance, 
the current is either oscillatory or impulsive, depending on the 
circuit constants, and more particularly the relation of the 
resistance to the inductance and capacity. In a circuit with 
distributed constants, however, there is no critical value ^ of 
constants, that divides the oscillatory and the impulsive 
phenomena, but, as was shown in the paper of 1908, with the 
same circuit constants, the phenomena may be oscillatory or they 
may be impulsive, depending on the terminal conditions, that 
is, on the cause of the phenomena. Thus oscillating cuwents 
as well as impulse currents may exist in the same circuit, al¬ 
though experience seems to show, that at least in long distance 
trans mis sion lines the latter are rather the more frequent. 

To get their relation to the other and better known classes 
of current, was the purpose of the first part of the present paper. 

1. Terminal conditions. The foremost terminal condition is 
the length I of the circuit. This may be either zero, or finite, 
or infinite. Substituting I = 0 gives the equation of cir¬ 
cuits with massed constants; the usual a-c. or d-c. circuits^ of 
our systems and apparatus, etc. I = finite gives the equation 
of circuits with distributed constants and I = ca gives the 
case where the circuit is so long, that the disturbance has de¬ 
creased to a negligible value before reaching the end_ of the 
circuit, and thus the reflected disturbance is inappreciable. _ 

2. Constants. The general integral equation of the electric 
circuit appears as an exponential function, with the time and 
the distance in the exponent. _ It thus has a coefficient of the 
time exponent, b, and a coefficient of the distance exponent, a. 
a and b are related by a quadratic equation, thus only one is 
independent, b has been 'chosen as the independent co¬ 
efficient. & is a general (or complex imaginary) number, and the 
two main special cases thus are, (a) ■where the real term of b 
is zero, (b) where the ima^nary term is zero, (a) gives the al¬ 
ternating currents, (b) gives a non-periodic class of transient 
currents, which may be called the impulse currents. The im¬ 
pulse currents thus appear as a class of currents, as general as, 
and coordinate with the alternating currents, the latter rep¬ 
resenting the useful currents of our transmission systems, the 
impulse currents the foremost type of harmful currents. 

The second part of the present paper contains a further 
classification of the impulse currents, by their distribution 
along the circuit, as non-periodic and periodic in space, and a 
derivation of various forms of the equations of the two classes 
of impulse, currents. 

Physically, impulse currents, by the steepness of their wave 
front, give the local piling up of voltage, characteristic of most 
line disturbances, but as non-periodic ^ currents, they could 
give resonance phenomena only by multiple reflection, and 'thus 
resonance phenomena with impulse currents would be little 
pronounced or absent. 
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It appears, therefore, that the most frequent disturbances 
of our transmission systems show the characteristics of the 
impulse currents rather than those of oscillating currents, and 
the study of impulse currents becomes of far greater importance 
than heretofore assumed. 

Thus, the analytic study led to the recognition of the impulse 
currents as a class of currents, which, while not unknown be¬ 
fore, but repeatedly mentioned and discussed, apparently has 
not sufficiently been realized in respect to its industrial im¬ 
portance. ^ ^ 

The reverse operation would now be of interest: to check 
by the synthetic method, the completeness of the analytic 
structure, that is, to see to what extent existing, or at least 
industrially important classes of currents are not contained within 
the scope of the general equation based on constancy of r, 
L, g and C. 

Phenomena are known, which are outside of this equation. 
Such phenomena are the cumulative oscillations, such as are 
produced under certain conditions by an arc (not the phe¬ 
nomena of the so-called ‘arcing ground;’ these are recurrent 
oscillating discharges), the surging of synchronous machines, 
the phenomena in circuits operating above corona voltage, etc. 

Thus the general equation of the electric circuit, which is 
the starting point of the present paper and the previous paper, 
is not all comprehensive, but a still more general analytical 
investigation is desirable, in which r, L,’ g and C are not con- 

d't 

stant, but depend on —rr and - 7 — or an integrated value there¬ 
at at 

of, as the frequency, etc. Our knowledge of these phenomena 
is not yet sufficient to attempt an analytic treatment, but 
more knowledge will have to be acquired by the synthetic 
method of investigating special classes of phenomena, in away 
similar to that attempted with the surging of synchronous 
machines in the paper on “Instability of Electric Circuits” 
read before the Chicago Section in 1912. 

M. I. Pupin: If I understand Dr. Steinmetz, the object 
of his paper is to call your attention to a distinct class of elec¬ 
tric currents, a class of electric currents which he calls impulse 
currents and which, he says, has not received as much attention 
as the direct current and the alternating current. When I saw 
the notice of the paper and observed the title “Outline of Theory 
of Impulse Currents,” it attracted me very much, because I 
have always been interested in impulse currents. To me the 
direct current and the alternating current were simply cases 
of the more general impulse current. * 

When Dr.. Steinmetz says that equations (4) and (5) “must 
represent every existing electric circuit, and every circuit 
which can be imagined, from the lightning discharge to the 
house bell, and from the a-c. transmission line to the telephone 
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circuit, with the only limitation, that fy g, i, C are constant 
within the range of the currents and voltage considered,’’ he 
should not be misunderstood in his statement, and I believe 
that he might be misunderstood. I wish to warn you not to 
misunderstand that statement, because if you do, you might 
think that after you read this article you need not read any¬ 
thing else on this subject, so, therefore, I want to warn you 
against that. 

Here Dr, Steinmetz considers the general problem on a 
long line having distributed inductance, resistance and capacity, 
and he gives you that, starting from a differential equation. 
What do we mean by differential equations in electricity? 
We mean simply this—an equation expressing the^ various 
relations between the reactions in a conductor. For instance, 
take the first equation Dr. Steinmetz gives, which looks so 
mathematical—as a matter of fact it is nothing more nor less 
than the expression that in any element of conductor the sum 
of the electrical actions is equal to the sum of the electrical 
reactions. That is what he says, and that is Newton’s third 
law of motion, that the sum of action is equal to the sum of 

reactions in every system of bodies. 

Dr. Steinmetz says—Suppose there is that relation between 
these various electrical reactions and various electrical actions, 
then the following must be the relation between the current and 
e.m.f. in any part of the circuit. That is what is called the in¬ 
tegral of it. From the equation of reactions you get an ex¬ 
pression of the current and the e.m.f., and that is called the 
integral. That is true for any point of the wire which has 
certain constants. 

Now, when you come to another point of the wire where 
other constants are, then you have to get another expression 
for the currents, and since you have an infinite number of 
points, you may have an infinite number of different expressions 
for the current, and it is necessary to add these different currents 
and make them conform to the so-called boundary conditions. 
As soon as you pass from one element of the wire with certain 
constants, to another element of the wire with another set of 
constants, you have to pass through that boundary. 

The most difficult thing in mathematical analyses of elec¬ 
trical phenomena is that question of the boundary conditions. 
So that when Dr. Steinmetz says “These equations must rep¬ 
resent every existing electric circuit,*’ he does not mean to 
say that he has given you a complete solution—-he means to 
say that he has given you a complete solution for any part 
of the electric circuit, but if you want to have a complete solu¬ 
tion, good for any part and for the complete circuit, you have 
to take this part, and this part, and this part and build it up. 
That explains the point I had in mind. 

It is true that there are problems in electrical engineering 
which have not been discussed at all, and Dr. Steinmetz has 
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referred to one of those problems which has interested me for 
years, the problem of the oscillating arc. It may be that in 
some oscillating arcs the oscillation is due to the ^ variable 
resistance. It may be. But the electrical oscillation that 
takes place in a vacuum tube, such as the pliotron tube, is not 
due to variable resistance, but is due to something else. That 
is to say, the oscillating arc acts in a very similar manner to 
the oscillations produced by an induction motor when you 
drive it beyond synchronism. Take a single-phase induction 
motor, drive it beyond synchronism, and provide it with a suit¬ 
able capacity, and you can get oscillations exactly the sanie 
as you do in an oscillating wire in the pliotron tube—there is 
no variable resistance, there is no variable capacity, there 
is no variable inductance, the only thing that is variable 
is the mutual inductance between the primary and secondary 
circuit. 

Dr. Steinmetz to my knowledge has not attempted yet to 
proceed analytically and pursue this elusive induction motor 
to see what it will do under certain conditions, but un¬ 
doubtedly he will, and when he does he will find that an 
induction motor, whether it is single-phase or polyphase, when 
supplied with proper capacity and constructed suitably can 
generate these oscillations ■ in just the same way as the pliotron 
tube or the oscillating arc. Moreover, if he does not take the 
proper precaution, the oscillations stored in an induction motor 
of that kind will be oscillations, not with a negative exponent, 
but with a positive exponent; that is to say, the oscillations will 
go on increasing indefinitely until his machine is smashed. 
The machine has to obey the integral of that differential equation, 
that is to say, the machine has to obey the law of the electrical 
reactions. The mechanical power that drives the motor acts, 
the motor reacts, and the result of that action and reaction is 
continually piling up energy which appears as magnetic energy, 
and when the current is big enough, of course, your machine 
will be either smashed, or the pole pieces will be crushed on to 
the armature and the machine will come to a standstill. 

Harold Pender: Dr. Steinmetz has given us an interesting 
mathematical discussion of an important class of electric pheno¬ 
mena. It is not difficult to see the physical meaning of the 
mathematical symbols used in the differential equations given 
in the paper, but this is not true of many of the symbols appear¬ 
ing in the integral equations. For example, on the last page of 
the paper there are certain' constants enumerated, namely, 
Di, 1 ) 2 , Dz, D 4 . What are they? In mathematical language 
they are called integration constants, and physically they 
have a definite relation to the physical conditions intially 
imposed on the circuit, i.e., they depend upon the voltage and 
current initially established at each point of the circuit. But 
how may these constants be evaluated in terms of these initial 
conditions ? I hope that Dr. Steinmetz will give us at some future 
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time a discussion not only of the qualitative meaning of these 
constants, which is not difficult to see, but also their quantitative 
values for various initial conditions which may occur in practise. 

The differential equation (3) in this paper is one that contains, 
as Dr. Steinmetz has said, a complete solution of single-circuit 
lines. By a single-circuit line I mean a circuit which does not 
contain mutual inductance. If there is mutual inductance a 
second equation is necessary, and the evaluation of the exponents 
in the various integral relations requires the solution of a^ cubic 
equation instead of a quadratic. When there is mutual induc¬ 
tance between the given circuit and more than one other circuit, 
the evaluation of the exponents requires the solution of an equa¬ 
tion of still higher degree. I give this merely to emphasize the 
fact that the relations given in the paper apply only to a single 
circuit which is not influenced by any neighboring circuit, a 
condition which seldom obtains in any transmission system. 

Hans Lippelt: The paper, after introducing equations (1) 
and (2), puts forward the following statement: 

These equations must represent every existing electric 



circuit, and every circuit which can be imagined, from the 
lightning discharge to the house bell, and from the a-c. trans¬ 
mission line to the telephone circuit, with the only limitation, 
that r, g, L, C are constant within the range of the currents and 

voltages considered.” 

By a peculiar coincidence, it occurred to me that these equa¬ 
tions might not include all cases which are situated between the 
limits given in that statement. As a matter of fact. Dr. Stein¬ 
metz in concluding the presentation of the paper tonight men¬ 
tioned several cases which are not included in these equations. 
He limited himself, however, again by saying that the cited cases 
involve variations of the constants.” 

To me it seems that there is still another possibility of an 
electric circuit, which is not covered by equations ( 1 ) and ( 2 ). 
The circuit I have in mind contains capacity in series connec¬ 
tion. . . _ 

Fig. 1 shows in a general way an elementary circuit to which 

Dr. Steinmetz’s equations (1) and (2) have reference. The 
figure will be readily understood by observing the notations used 
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in the paper. The whole circuit is composed of a series of such 
elementary circuits. 

If we have a capacity Ci in series with the circuit, the latter 
may be represented as shown in Fig. 2. It is not feasible, how¬ 
ever, to assume capacity in each elementary circuit, because the 
capacity of the total drcuit would then be so small that no 
current at all could flow. The new fundamental equation should, 
therefore, not refer to the change of voltage per unit length of line 



but to a voltage drop in a circuit with massed constants. 


The length of circuit as such does then not enter into the com¬ 
putation. 

If e, the consumed voltage, and the other quantities ri, ^ 2 , -Li, 
L 2 , Cl, C 2 . g, refer to the circuit as per Fig. 2, we have 


e = riii + Li 


dt 





Similarly, the current diverted from main circuit is, allowing 
also for self-induction L 2 combined with resistance 7 %, 

y T* y^ 

k = ge + C,-^ + 4 X e'^’‘ + e d (2) 

wherein 4 is defined by the following: 



/ =0 

const. =0 


finally 

i' ~ ii “h 4 


( 3 ) 




1916] 


DISCUSSION Al" NEW YORK 


29 


To solve equations (1) and (2) requires the knowledge of e 
as a function of the time, and in this respect these equations 
differ materially from equations (1) and (2) of the paper. The 


latter refer to gradients 


of quantities ^ 


de 

H 


and 



which are 


independent of actual values of e and i. Equations (1) and (2) 
refer to the quantities e and i directly, of which e is equal to the 
impressed voltage, which governs the whole process, viz., the 
vector sum of all secondary e.m.fs. must equal e. In the case of 
Fig. 1, forming only a small part of a large circuit, this partial 
circuit may draw stored power from adjacent circuits, involving 
an*adjustment of its terminal voltage, and therefore equations 
(1) and (2) of the paper must leave this possibility open, which 

they do. ^ • /h \ • 

A partial, or rather advanced solution of equation (1) is given 

in equation (4). 



t 

Li (Xi — X2) 



de + Ki^ 




de +i ^2 



with 



Ki and = integrating constants. 


The last two terms on the right-hand side of equation (2) 
represent the current flowing through the branch loaded with 
inductance L 2 and resistance r 2 , Fig. 2. These terms have been 
found by treating this branch separately. 

To complete the solution of equation (2) requires only the 
substitution of the supposedly known value of e (as a function 
of time) ahd carrying out a simple mathematical process. 

An application of a circuit with capacity is found in high- 
voltage d-c. machines, having armature windings of the open 
coil type. Such machines work entirely with impulse currents 
and it appears that circuits as per Fig. 2, or similar, will meet the 
requirements for sparkless commutation of current in the wiiid- 
ings. 
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A. E. Kennelly (by letter): The great advantages of the 
analytical method set forth in Dr. Steinmetz’s valuable paper 
are: 

(1) The integral or primitive equations for all voltage and 
current waves over conductors are reduced to their simplest 
fundamental elements. 

(2) These equations (4) and (5) of the paper permit of a new 
classification of all such voltage and current waves. 

When b contains a real component, the paper shows that the 
wave to which it pertains must speedily disappear. Only when 
b has no real component can the wave to which it pertains belong 
to a permanent regime. 

There are three cases involving real components of b ; namely, 
b complex, representing oscillatory transients (1) 

j with a real, representing non-oscillatory transients (2) 
0 real ^ with a imaginary, representing non-oscillatory transients. 

(3) 

The paper distinguishes the two last types by the terms “ non¬ 
periodic ” and '' periodic ” impulses respectively. But these 
terms seem to be unsuitable because they suggest recurrence in 
time; whereas the property in question is"a recurrence in dis¬ 
tance or space. Would it not therefore be more appropriate 
to coin the terms non-spade ” and “ spade ” for this differen¬ 
tiation? 

^ In any case, although the oscillatory and non-oscillatory tran¬ 
sients should clearly be distinguished and placed in separate 
categories, it seems doubtful whether there is enough distinction 
between the two classes (2) and (3) of the non-oscillatory tran¬ 
sients to make their separation important. The paper shows 
that the onty essential difference between these two types is 
that where a circular distance-angle occurs with the one, a hyper¬ 
bolic distance-angle occurs correspondingly with the other. 
Thus both are included in the same generalized trigonometric 
relations and it remains to be shown whether the differences 
between them are otherwise great enough to call for separate 
discussion. 

It is perhaps going too far to say that all impulses with real 
b^ exponential time-factors are harmful; although the generaliza¬ 
tion may at_ present be applied to light and power circuits. In 
some signaling circuits, as in some submarine cable circuits, 
such impulses discharging back to ground at the sending end are 
usefully employed in certain signaling systems. 

Charles P. Steinmetz: In regard to the general equation, 
which I gave in my paper eight years ago, naturally T did not 
mean that this equation is a final solution of every .phenomenon; 
if I did, I would not have had any reason to write this paper. 
What I niean to say is that from this equation can be derived 
the equations of any circuit which fulfills the condition that every 
one of these four constants r, g, L and C is constant. Where one 
is variable, whether resistance, or inductance, or the capacity 
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or conductance, then this general equation does not apply. 

I mentioned, as an illustration, a- couple of circuits where the 
constants are variable. The transmission line, when operated 
above corona voltage, also gives a periodically variable con¬ 
ductance. 

I referred to the oscillating arc. There I referred to the variable 
resistance.. In the arc it is really a variable effective resistance, 
as I may call it, defining, as I have done here, resistance as the 
coefficient of energy dissipation proportionate to the current. 
The induction machine driven above synchronism also produces 
oscillations. These oscillations produced by the induction 
machine when driven above synchronism were discussed in my 
paper on “Induction Motors” 19 years ago, and their characteris- 
curves calculated. In the chapter on the ' ‘ Induction Generator ’ ’ 
in “ Alternating Current Phenomena,” a full discussion^ is 
found on the conditions under which an induction machine 
above synchronism excites, of the maximum voltage and cur¬ 
rent values to which it may build up, and its dependency on 
the constants of the external circuit. It may be interesting to 
note that two such induction generators of 10,000 kw. each, 
have been in operation for years in the Interborough Rapid 
Trtosit station in New York City, as generators producing 
power. 

These impulse currents are a special class of transients. 
Inasmuch as they are a sub-class of the general transient, they 
are included in the general equation of my previous paper, but 
they were not specifically treated. 

They apply to a circuit, or a section of the circuit, of uniform 
constants, but the case which Prof. Pupin discussed, where the 
circuit constants change, is treated in general in my previous 
paper under the term ‘‘ Complex Circuits.” It is more particu¬ 
larly treated in that section in m}^ book on ‘‘ Transient Phe¬ 
nomena,” which discusses the transition points between different 
circuit sections of different constants, as lines, transformers, etc. 
It is very interesting to note the effect on such a circuit of the 
transients existing; there is an energy exchange between the differ¬ 
ent circuit sections, the energy being dissipated in some sections 
at a rate higher than the average, and in other sections at a rate 
lower than the average,—there is energy transferred, taken 
from one section and delivered at another section. 

With regard to mutally inductive circuits, even these may be 
considered under the general equation, by suitable terminal 
conditions, and effective values of r, g, L, C, 

I may say that the circuit as described by Mr. Lippelt is 
in industrial existence. It is the circuit of the multi-gap light¬ 
ning arrester. 
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THE MUNICIPALLY-OPERATED ELECTRICAL UTILITIES 

OF WESTERN CANADA 


BY A. G; CHRISTIE 


Abstract of Paper 

^ The^ paper discusses a number of public utilities in various 
cities in Western Canada where practically all public utilities 
are municipally owned and operated. The characteristics of 
these cities are reviewed and a.brief outline of equipments of 
the various plants is given. The costs and methods of financing 
these utilities are discussed at considerable length and the charges 
for various services are summarized. While the paper is not to 
be regarded as an endorsement of public ownership, the author 
finds that these utilities on the whole have been conservatively 
managed and have been practically free from political influence. 

'YJT/hen municipally-owned public utilities are discussed in 
the United States, it is generally held that these are 
open to the following criticisms: 

1 . The plant is not kept modern and up-to-date, resulting 
in indifferent service. 

2. Rates are high in consequence of the preceding conditions, 

3. The utility’s finances are often poorly managed and 
frequency mixed with other city accounts. 

4. The organization is indifferent and without definite lines 
of authority. 

5. Politics are usually a factor in both organization and 
operation. 

Mr. Halford Erickson of the Railroad Commission of Wis¬ 
consin has expressed very concisely the American point of view 
in regard to municipally-owned utilities, in a paper on '^^State 
and Local Regulation,” an extract of which follows: 

^‘Such utilities furnish no better service than privately owned or operated 
utilities. In fact, it is often a great deal worse. Municipalities are as a 
rule slow in responding to new discoveries and improved methods and 
they often fail to properly list and supervise their meters and other equip¬ 
ment. Examination of the inspector’s reports, at least in our state, re¬ 
veals the fact that while some municipalities provide good service, the 
service in a greater proportion of them is, on,the whole, on a lower level 
than is the case of privately-operated plants. 
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" When it comes to rates the situation for municipally-operated utilities 
is no better. When the Commission first entered upon its duties, it found 
the state literally streaked with unjust discriminations which were as 
flagrant in municipally-operated as in privately-operated plants. While 
these discriminations have now been largely done away with, the task of 
wiping them out was also fully as great for the former class of plants as for 
the latter. The same is also true when it comes to establishing and main¬ 
taining equitable rates. While the rates charged by the municipally- 
operated plants are often relatively low, this is not often due to a low cost 
of production of the service, but largely because in one way or another 
upkeep and other costs are shifted from the consumer as such to the tax¬ 
payer as such.” 

Practically all public utilities in the cities of the Western 
Canadian provinces are municipally owned and operated. An 
investigation into the municipal activities of the cities of this 
section to determine to what extent the above criticisms in 
reference to public ownership could be applied to them, should 
aid materially in presenting new facts in the discussion of 
public ownership. After a study extending over four years, 
an inquiry was made during the summer of 1915 into the munic¬ 
ipally-owned electric light and power utilities of these cities. 

The electric light and power utility was chosen because it 
was one of the first to be established and is also one with which 
comparisons can be made with privately owned systems. It 
has become better organized and established than some of the 
other civic undertakings and the early mistakes in its manage¬ 
ment are now apparent. Its organization is also more exten¬ 
sive than later utilities. Hence for the reasons just stated, its 
production costs and physical equipment would probably show 
any inefficient or incompetent administration under municipal 
ownership better than other more recent ventures in civic 
control. The investigation was intended to cover certain 
social and economic phases of municipal ownership as well as 
its technical aspects. Hence the character of the people and 
their cities will be discussed together with the administration, 
organization, financing, physical equipment and rates of the 
municipal electric light and power departments. 

Social Considerations 

It would be a very difficult matter indeed to differentiate 
between the people of the various cities under discussion, but 
as a class they have some distinct characteristics. In the 
first place the Canadian West is a ^^young man’s country.” 
The residents of the cities generally came west as young men 
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and have seen the country develop. All are optimistic and 
boosters of the West in general and of their own locality in 
particular. They have learned to cooperate in many lines, 
such as boosting real estate ventures, etc., and this has had a 
very marked effect on the conduct of municipal affairs. In 
fact this spirit of cooperation is the real basis of the success 
of their municipal ownership ventures. The cities that have 
not developed this spirit to the fullest extent are those that 
have had troubles with politics and local interference in the 
administration of their utilities. 

The people of these Western cities were the restless and 
ambitious elements of the United States, Eastern Canada, the 
British Isles and foreign countries. The British sentiment , is 
very strong and carries with it the imported ideas of municipal 
ownership. The readiness of the Canadian and American 
elements to try any new system that appeared reasonable and 
promising, accounts for the early acceptance of these principles 
of civic control and operation. Another characteristic that is 
peculiar to the West is the general lack of class distinctions. 

This democratic condition has resulted in a better mutual 
understanding and a wider range of interests between all mem¬ 
bers of the community. Political machines are harder to build 
up under such conditions and there has apparently been less 
keen competition for positions in civil employ. The fixed 
compensation in such work appeals less to the average individual 
than the gambling chances of other classes of business. 

Characteristics of the Cities and their Utilities 

Manitoba, Alberta and Saskatchewan are primarily agri¬ 
cultural provinces at the present time, although the great natural 
resources in water power, coal, oil, gas, asphalt and iron will 
undoubtedly lead to great industrial development in Alberta 
in the near future. Of late years the urban population of these 
states has grown faster than that of the -country districts. A 
partial crop failure in 1914 and the war depreSvSion brought 
this unnatural condition very forcibly to the attention of the 
people and as a result there has since been a steady trend back 
to the land. 

British Columbia on the other hand is a land of high moun¬ 
tains, rolling plateaus and very fertile valleys. Its interests 
vary from fruit raising, ranching and other agricultural pursuits 
to lumbering, mining and fishing. Undoubtedly great mineral 
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wealth will be developed in the future although at present much 
of the country has not been prospected or opened up. The 
electrical utilities of the two largest cities, Vancouver and Vic¬ 
toria, are privately owned. Only one of the cities having 
municipal plants was investigated. 

The outbreak of the European war proved a hard blow to 
Western Canada. Not only have tens of thousands of the best 
fitted young men gone to the front, but the money in the country 
has been diverted from local development to war purposes. 
The closing of the European money markets has cut off for 
the time being any borrowing for future development. This 
situation has resulted in a complete tying-up of all industry 
and commerce. The present financial stringency will, how^ever, 
be relieved in a measure when the large crops of 1915 are 
marketed. 

Comparatively few manufacturing industries have been 
established in the West. Those in operation either handle agri¬ 
cultural or sea products, such as in packing plants, flour mills, 
food product plants, fish canneries, etc., or supply the rural 
needs by lumber mills, cement plants, brick works and agri¬ 
cultural machinery shops. In the natural gas district around 
Medicine Hat, metal-working industries such as machine shops, 
brass foundries, rolling mills and also glass works, have been 
started and will no doubt expand with the growth of the country. 

The cities selected are thelargeronesof the Western provinces 
These have been characterized by extremely rapid growth 
within the last fourteen years, as shown by Table I. At the 
same time they have been exploited by real estate speculators 
until land values became greatly inflated in 1914. ‘This re¬ 
sulted in a financial collapse just before the war broke out. 

An example of this exploitation is to be found in extensions 
of the municipal street railways which w^ere frequently made 
under political pressure from the land speculators. Generally 
such extensions have not paid for themselves and are now a 
source of considerable loss to the city. Each city council has 
had full power to undertake such expense and in boom times 
the people allowed them to do so. It would seem advisable to 
have some provincial executive board independent of the city’s 
governing body which would have authority to restrain such 
needless exploitation and to act as a brake on too-confident 
municipal administrations. 

Brief outlines of the characteristics of each of the cities con 
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sidered and of the history of their municipal electric plants 
will be given in the following paragraphs. 

Regina is the capital of Saskatchewan andas such will always 
be a city of importance. Its growth has been more steady 
than that of other Western cities and it is built up with fewer 
outlying subdivisions. This consolidated condition makes it an 
easy city to serve with electric light and power, but a poor city 
for financially successful street car operation. It has no manu¬ 
facturing industries of any consequence. 

The city first built a power plant in 1904. Additions were 
made to this old plant from time to time until 1914 when its 
undesirable location making further extension inadvisable, a 
new plant was built. This new station will take care of all 
future growth for many years. The fixed charges on the old 


TABLE I.—DATA ON SIZE OP CITIES. 


City. 

Estimated present 
population 

Population as per 
1911 census. 

Population as per 
1901 census. 

K-amlooDS. B. C. 

5,500 



Medicine Hat, Al’ta. 

9.000 

5,603 * ' 

1,570 

Lethbridse, Al’ta. 


8,050 

2,072 

Moose Taw. Sask... 


13,823 

1,558 

Saskatoon. Sask. 


12,004 

113 

'Rp.cyinfl.. Sask. 

40,000 

30,213 

2,249 

Edmonton, Al'ta.. 

50,000 

24,900 

2,626 

Calsrarv. Al’ta. 

.80,000 

43,704 

4,392 

W^inninecr. Man.. 

200,000 

128,157 

42,340 




and new plants form a considerable item in the cost of elec¬ 
tricity. The increased operating economy of the new plant 
will, however, practically offset the increased fixed charges. 
This economy will become more appreciable as the plant in¬ 
creases its output. 

Saskatoon is the leading city of central Saskatchewan and 
is the seat of the Provincial University. It is a large distri¬ 
buting center and also has large mills producing food products. 

Its first municipal station was started in 1908. On account 
of the city’s growth, this was superseded in 1911 by a new 
plant. But in this plant too, proper provision was not made 
for the rapid growth of the city and as a result it has been 
necessary to replace reciprocating engines by steam turbines of 
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greater capacity. The present plant is well situated and is now 
equipped for economical operation, but is somewhat handi¬ 
capped by extremely high coal costs due to freight rates on the 
long haul from the Alberta mines. 

Moose Jaw has always been a railway town, the Canadian 
Pacific Railway having maintained large car shops at this 
point for many years. Its other industries include flour mills, 
a packing plant, etc. 

The city undertook the production of electric power in 1904. 
The power plant was burnt down about 1912 and was a total 
loss. Afterwards a new plant was built on the same site. 
This additional expenditure has serious effects on the city’s 
finances and as a result the new plant was not fully equipped 
w^hen war broke out. The plant is well laid out and when 
finished should give good service. 

These Saskatchewan cities are all in prairie country and have 
no nearby available supplies of water power, cheap high-grade 
coal, or natural gas. A private corporation has recently pro¬ 
posed to pipe natural gas to them from the Alberta gas fields. 
The city of Regina has made an agreement with this company 
to buy the gas at wholesale at the city limits and will sell it to 
customers from a municipally-owned and operated distribution 
system, which the city will install. Meanwhile all power must 
be derived from coal brought either from Alberta or from the 
Great Lakes. It therefore seems improbable that they will 
become great industrial centers in the near future. Their further 
growth will depend then on their natural development as dis¬ 
tributing centers. 

With neither water power or cheap coal at hand, it is prob¬ 
able that few attempts will be made to transfer their public 
utility power loads to private corporations. Quite recently, 
however, a suggestion was made to supply them with electric 
power derived from low-grade lignite coals which occur in large 
quantities in the southern section of the province and are an 
extension of the North Dakota fields. Even in case such a 
project is successfully completed, it is probable that the cities 
would buy the power at wholesale rates at a local terminal 
station and continue as before to sell it to customers from their 
own distribution system, retaining their present municipal 
plants as reserves. 

In contrast tO' those of Saskatchewan, the cities of Alberta 
have large coal fields near at hand, while Calgary has also cheap 
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water-power. It is therefore natural to expect considerable 
industrial development in these cities in the near future. 

Medicine Hat, besides having coal deposits practically under 
the city, is located in the center of the most extensive of the 
Alberta natural gas fields. It is thus assured an ample supply 
of cheap fuel. Although built in the rolling, dry belt of Alberta, 
the presence of the natural gas has resulted in a more rapid 
industrial growth in this city and surrounding towns than in any 
other city in the West. Reference has already been made to 
several of these plants. 

Natural gas is used throughout the city for all domestic pur¬ 
poses such as heating, cooking and largely for lighting as well. 
It is also used for street lighting. The success of a municipal 
electrical plant under such conditions was therefore doubtful 
and it was not decided to build such a plant until 1911. At 
first a gas engine plant was installed, but in November 1913 a 
new steam turbine plant was put in operation and took the load 
formerly carried by the gas engines. This change was made 
largely on account of the high first costs and repair charges on the 
gas engines, which resulted in high power costs. A very simple 
plant was installed without superheaters or economizers, for the 
gas used under the boilers was supplied by the city’s own wells 
at a very low cost. 

The demand for power for industrial purposes developed very 
rapidly until war broke out. It is probable that this demand will 
increase again with the re-adjustment of conditions after the war. 

Lethbridge in Southwestern Alberta is the center of an exten¬ 
sive colliery district and serves as a distributing point for the 
surrounding towns. Although well supplied with coal and 
natural gas it has not developed any industries except those 
connected with mining. All the collieries have their own plants. 

The city bought out the electrical plant of a private company 
in 1908. This plant was uneconomical in operation and poorly 
located. Work was started at once on a new plant. The old 
station burnt down in December 1909 just before the new plant 
was complete. The location of the new station, while favorable 
for operation, was such that construction costs were excessive 
and in consequence the plant has high fixed charges. 

The municipality owns and operates its own coal mine on 
leased land adjacent to the plant. On this account it has the 
cheapest coal supply of any city in the West. 

Edmonton is the capital of the Province of Alberta and is the 
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location of the new Provincial University. It embraces about 
56 square miles within its boundaries as a result of real estate 
exploitation. Its industrial works consist principally of two 
packing houses, lumber mills, flour mills, brick yards, etc. It is 
expected that the great undeveloped sections of Northern Alberta 
will contribute largely to the future prosperity of this city as it 
is the natural outlet for the whole north country. 

There are seams of lignite coal under the city itself, while 
higher grade coal occurs in great quantities to the west of the 
city. Several undeveloped water power sites in'the neighboring 
country are available for power development. 

Edmonton’s municipal power plants have had interesting 
histories. The first electric station and pumping plant was 
built on the banks of the North Saskatchewan River apparently 
with no consideration of future developments. This plant soon 
reached its maximum capacity and a producer gas power plant 
was installed in an adjoining building to furnish additional 
electric power. A separate pumping station was next built a 
short distance from the old plant. It was provided with its 
own boilers and with a vertical reciprocating pumping engine 
placed in a pit. In a few years another steam power plant was 
erected beside the producer, gas building with reciprocating en¬ 
gines and hand-fired boilers. Later this was extended and steam 
turbines and boilers with mechanical stokers were installed, sev¬ 
eral steam engines were scrapped, and the original station defi¬ 
nitely abandoned. In the meantime the pumping plant was 
enlarged and the vertical reciprocating pumping unit was scrap¬ 
ped in favor of centrifugal pumps. At present the steam re¬ 
quired by the pumping engines is supplied from the main boiler 
plant through a tunnel and the pumping plant boilers are per¬ 
manently closed down. When Edmonton absorbed the town of 
Strathcona on the opposite side of the river, its electric plant 
and pumping station were also taken over. These operated 
non-condensing and were therefore uneconomical in operation. 
The Strathcona plant was closed up as soon as the water and 
electrical services could be assumed by the Edmonton station. 
It can thus be seen that the present municipal plant is somewhat 
of a makeshift. Contracts were let over a year ago for the con¬ 
struction of a complete new power house. But the war made 
necessary the postponement of these contracts. At the time of 
this investigation the city was considering the purchase of power 
from private corporations. Some of these were hydroelectric 
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proposals, others were from coal companies who proposed to 
generate power at their mines and transmit it to the city. 

Calgary in Central Alberta is the leading city of the middle 
west. It appears to have sustained less crippling of business 
during the war depression than any of the other cities. On 
account of cheap water power, available nearby coal fields and 
its supply of natural gas, it is developing into an important 
industrial center. Among its principal industries are the big 
Ogden car shops of the Canadian Pacific Railway, a cement mill, 
a packing plant, soap works, lumber mills, flour and food product 
mills, etc. 

Calgary started its first municipal plant in 1905 and kept 
adding to it until 1911 when a new plant in a more favorable 
location, was put in service. About the same time a private 
corporation, the Calgary Power Co., which now has 31,500 h.p. 
available in its two hydroelectric stations, entered into a con¬ 
tract with the city to supply it with power up to 8000 h.p. But 
on account of low water at the time of the winter peak loads, 
the city has had to maintain its plant at a capacity capable of 
carrying the full load in an emergency. The fixed charges on 
this steam plant now form a considerable proportion of the cost 
of power. 

A private corporation, the Eau Claire 8c Bow River Lumber 
Company, serves customers in the central part of the city with 
electricity partly derived from water power and partly from a 
steam plant. This company had a franchise previous to the 
establishment of the municipal plant. Another private com¬ 
pany has a franchise to supply natural gas for domestic purposes 
at a cost of 35 cents per 1000 cubic feet. Much domestic light¬ 
ing is done with gas. Hence the load on the municipal plant is 
not so large as would be the case if it had a monopoly of the 
lighting business as in other cities. 

Half of the boilers in the municipal plant are fired by gas 
of 1000 B.t.u. per cubic foot and costing 15 cents per 1000 
cubic feet. The others burn coal. The plant is well designed 
and well equipped and when in continuous operation produces 
very cheap power. 

At present an agreement for one year is in force between 
the city and the Calgary Power Company whereby the latter 
supplies the full city demands for power at a low figure and has 
the use of the municipa;! steam plant for emergencies. The 
Calgary Power Co. pays all operating and maintenance costs 
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at the municipal plant, which is still handled by the regular 
city operating staff. The company does not, however, pay any 
of the plant’s fixed charges. 

The steam plant is arranged for ample future development. 
At the present time, several additional hydroelectric proposals 
are receiving consideration. With an abundant supply of cheap 
water power further additions to the steam plant may become 
unnecessary. 

Winnipeg is the largest city in all Western Canada, and be¬ 
ing the outlet to the east of all the western railroads, it has 
great future possibilities. 

A private corporation, the Winnipeg Street Railway Co., had 
a franchise to furnish electric powenand operate street railways 
very early in the history of the city. Up to 1907 this company 
charged 20 cents per kw-hr. for lighting. In that year it put 
into operation its hydroelectric plant at Lac du Bonnet and 
reduced the rate to 10 cents per kw-hr. 

In the meantime the citizens recognized that only by having 
a supply of very cheap power could they hope to see Winnipeg 
become an industrial center and they vote'd mone}^ in 1906 for 
building a municipal hydroelectric plant which was completed 
and put in operation in 1911. The rates quoted to its cus¬ 
tomers were much below the former prices of the railway com¬ 
pany. In 1914 the municipal plant at Point du Bois had a 
generating capacity of 22,500 h.p. which has since been increased 
to 50,000 h.p. The total power available at this plant is 100,- 
000 h.p. The design and operation of this plant have received 
much attention in the technical press and will not be described 
here. 

Kamloops was the only city in which inquiries were made 
in British Columbia. It is located at the junction of the North 
and South'Thompson Rivers in the central section of the pro¬ 
vince. Kamloops is a divisional point on two transcontinental 
railroads. The surrounding country is a rich agricultural and 
fruit district. Some mining is carried on in adjacent sections 
and it is probable that this industry will increase in importance 
as the country develops. 

The city’s first municipal plant was built about 1907. Owing 
to the rapid growth of Kamloops this plant proved inadequate 
and a new municipal electric plant of 1200-kw. capacity was 
built in 1912 together with a new pumping plant on a site east 
of the city where an excellent water supply was available from 
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the South Thompson River. But owing to the high price of 
fuel, it was decided to develop a hydroelectric site at Barriere 
about 18 miles north of the city. Unexpected difficulties were 
encountered in the construction of this plant and it was not put 
in service till the beginning of 1915. It has a capacity of 1500 
kw. which can be increased later as the load builds up. The 
transmission line to the city carries 44,000 volts with a step- 
down transformer station at the steam plant. The cost of this 
hydroelectric system far exceeded the original estimates and 
the steam plant is still held as a relay, consequently the electric 
service of the city has to bear very high fixed charges due to 
these two plants. 

Other utilities owned by the various.cities and some general 
information regarding them is given in Table IL Besides 
those undertakings given in the table, practically all maintain 
municipal hospitals. 

Organization of Utilities 

The organization of the municipal governments varies some¬ 
what in the different cities. However, it is generally the prac¬ 
tise to have three commissioners in charge respectively of 
Finance, Utilities, and Public Works and Welfare. 

In some cases these are elected by the people and in other 
cases are appointed by the city’s common council. At Leth¬ 
bridge the public utility commissioner acts as superintendent 
of the electric light and power department and of the street 
railway system. Generally, however, a superintendent is pro¬ 
vided for each utility. In the case of Calgary and Edmonton, 
the city’s electrical engineer takes charge of the distribution 
of the current from the plant’s switchboard. 

In general the superintendents of these municipal utilities 
are capable men and are exerting as much energy to secure 
economical results as if they were employed by private corpora¬ 
tions. Most, of them have held their positions for a consider¬ 
able length of time and have virtually developed and built up 
their utilities. These executives are not likely to be subject in 
municipal service to as much pressure and driving from high 
officials as in the case of superintendents with private concerns. 
Hence their success is largely a measure of theii own personal 

initiative. 

All the provinces have very stringent boiler inspection and 
engineer’s licensing laws, and as a result, the operating engi- 
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neers in the various plants are all high grade men. The fire¬ 
men, as a rule, are men working up for a license and consequently 
take an interest in their plant and in their work. Such opera¬ 
ting forces should be able to give the superintendents valuable 

aid in obtaining economical results. 

In only one case did there seem at present to be any politics 
in the organization of the plant. This city, however, has had 
a long record of political and civic-council interference with the 
operation of its utilities, greatly to their detriment. Another 
city is said to have had similar experience in the past but seems 
to have overcome these evils at the present time. Considerable 
criticism was heard in Edmonton in regard to the operation 
of the city’s municipal street railway system. Its employees 
had formed a union and were said to dominate the manage¬ 
ment of the system through their political influence. An at¬ 
tempt was being made at the time of this investigation to 
drag the municipal street railway system of Calgary into politics. 
This utility has up to the present time been the most successful 
civic tramway in the West and holds a record for good service 
and competent management. 

No civil service laws are in force other than the necessary 
licensing of engineers. The superintendent engages and dis¬ 
charges the men under him and generally promotes his own men 
as openings occur and the men have the necessary legal and 
administrative qualifications. 

It has been urged against municipal ownership that more 
men are employed than would be the case in private plants. 
In those cities where politicians are said to have interfered 
with the utilities there seemed to be some evidence of an excess 
of men, and a laxity of discipline. But in the other cities the 
plants appeared to have the minimum number of men neces¬ 
sary to properly carry on operation. The new municipal plant 
at Regina is a striking example of careful layout and operation 
to reduce labor to a minimum, as very few men are needed to 
run this station. 

Another interesting fact is that almost all plant employees 
are under middle age. One may partly account for this con¬ 
dition by the use of recently developed machinery to which 
the older men have not adapted themselves. 

A very necessary factor for obtaining efficiency in planning 
and operating a utility, is continuity of management. If a 
spoils system exists in municipal politics one cannot expect the 
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ritv’s public Utilities to be either well managed or suitably 
pniiinoed. The spoils system as generally understood does not 
seem to exist in any of these cities. On the other hand Ed¬ 
monton has suffered severely from too frequent changes in the 
management of its utilities. The new man coming in was 
usuallv forced to complete work unfinished by his predecessor 
and with which often he was not fully in sympathy. Then he 
also was liable to removal before he had his plans for improve¬ 
ment fully carried out. This has resulted in the heterogeneous 
assortment of equipment and the odd station lay-out alrea y 

csci*i'b€d 

Power Plants and Equipment 

All of these cities as shown in Table I have grown very rapidly 
in a very short period. This rate of growth could hardly be 
foreseen in any particular city for other towns equally favored 
did not develop so rapidly. Hence much of the earlier plant 
equipment due to small size and poor operating economy has 
become obsolete. There has, therefore, been in each city a 
rebuilding of old plants and the construction of new plants as 


noted in preceding paragraphs. 

The power plant buildings in most cities are of the usual 
construction with steel framing and brick walls with the usual 
arrangements for lighting, ventilation and traveling cranes. 
Regina’s plant, however, is an exception. Here the city went 
to considerable expense to make its new plant conform with the 
general plan of buildings to be erected on the adjoining Govern- 
■ mental reserve. Saskatoon’s plant also shows a considerable 
amotmt of architectural taste. 

Table III gives some general data on the equipment of the 
various plants. All have standard B.&W. water-tube boilers 
equipped with superheaters except in the cases of Medicine 
Hat and Kamloops. Induced draft fan equipments are used 
everywhere except in Kamloops. At Regina forced draft fans 
are also used in connection with the mechanical stokers. At 
Edmonton an ‘“^evase” or Venturi form of induced draft stack 


is used, where a 20-h.p. motor drives the fan necessary to serve 
2000 b.h.p. The Kamloops plant has a six-ft. concrete chimney 

185 ft. high. 

A question arises as to whether a chimney and natural draft 
would not be more economical in some cases. At Regina on 
account of the proximity of the Parliament Buildings and 
Park, a chimney was not permitted. In several cases the 
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power plants are located beside rivers in the bottom lands under 
the bluffs and it 'was feared this might prevent a chimney from 
providing draft unless of excessive height. In general, how¬ 
ever, it is claimed that radial brick and concrete chimneys were 
too expensive to commercially compete with the induced draft 
plants. 

Underfeed stokers are giving good satisfaction at Regina. 
Natural gas is burned in Gwynne burners in Medicine Hat’s 
plant and in part of the Calgary station. Chain grate stokers 
are in use in all other plants except Kamloops. Hand fired 
grates were installed at Kamloops where wooden slabs from 
the lumber mills are burned part of the time as fuel. 

Coal and ashes are almost universally handled by bucket 
conveyers. The coal is stored in elevated bins above the firing 
aisle. The ashes are elevated into storage bins convenient for 
loading railroad cars. Most plants are how provided with 
equipment for analyzing and testing their coal. Several prac¬ 
tically buy coal on the heat unit basis. Economizers are used 
where coal is expensive and therefore when full utilization of 
heat is of first importance. 

In the newest installations there is a decided tendency to¬ 
wards motor drives for all auxiliaries. 

Admiralty-type feed pumps are installed in many plants 
though the simple turbine-driven centrifugal boiler feed pumps 
have been used in two cases. 

The waters of Western Canada generally contain scale form¬ 
ing salts which make them unsuitable for boiler feed. How¬ 
ever, there is no uniformity of treatment of the feed water. 
Some plants soften it while others use boiler compounds. All 
use feed water heaters. The condensate from the surface con¬ 
densers is returned to the boilers in every station. 

The adoption and use of instruments to increase boiler room 
economy is universal. Coal as a rule is automatically weighed 
and recorded. Gas burned under boilers is metered. The 
boilerfeedwateris generally measured by V-notch recorders which 
have universally given good satisfaction. Venturi meters are 
employed in some plants. CO 2 recorders are in use in almost 
all plants. Steam flow meters have been installed in a few 
cases. Many plants are equipped for making complete tests 
and these are carried out at regular intervals eithex'* to determine 

the best coal to use, or to learn the most economical methods 
of operation. 
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The older generating equipment consisted of steam engines, 
usually of the vertical high speed or Corliss types. Steam 
turbines have been provided in all recent installations. It is 
interesting to note in Table III the predominance of Parsons 
and Curtis-Parsons units. The number of British machines is 
also a striking feature. Recent purchases indicate an increas¬ 
ing preference for European machinery. The preferential tariff 
to the British Isles has something to do with this condition, 
though the most recent order—a 6000-kw. turbo-generator for 
Edmonton, was taken by a Swiss company. 

Usually the condensers are supplied by the party that furn¬ 
ishes the main turbine. These are all of the surface type and 
give little trouble from tube failures with the cooling water 
used. All foreign condensers are provided with vacuum aug- 
mentors of various types and are usually supplied with three- 
throw motor-driven air pumps, which maintain high vacuum. 

In electrical machinery, the use of European equipment is 
even more noticeable than in -the case of the engines and tur¬ 
bines. The switchboards with one exception are of American 
manufacture and have been built according to modern practise. 

All the larger plants , are provided with some machine tools 
to enable them to make their own repairs. Fine toilet rooms, 
wash rooms and lockers have been provided in many stations 
for the men. 

In Saskatoon, on the initiative of the superintendent, a society 
for mutual improvement along technical lines was formed 
among the utility’s employees. Apparently this has not been 
attempted in other places and outside of local engineering so¬ 
cieties there seems to be no organized effort to educate the men 
in technical subjects. 

The Winnipeg plant, being hydroelectric, is not included in 
the preceding general statements. The plant is built on-the 
Winnipeg River, 77 miles from the city. The power is carried 
into town over a high-tension transmission system. During 
construction it was necessary to build an electric tramway to the 
plant to convey the needed materials and machinery. This is 
still retained and operated by the city. 

On the basis of these facts it may be stated that as a whole 
the municipal power plants of these cities are up-to-date in 
the matter of physical equipment, though often retaining some 
of the older units as reserve. They are also provided with 
competent staff and modern instruments to ensure efficient 
operation and low unit production costs. 
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Distribution Systems 

In considering distribution systems, it must be remembered 
that the cities are new and are scattered over large areas. _ This 
in a measure simplified wiring problems although provisions 
for future growth have made necessary many underloaded 
circuits and transformers. In those cities where the total 
output is metered the distribution losses run from ten to eighteen 

per cent of the current generated. , ■ i • 

The consulting engineers who were employed in laying 
out the first plants of several of these cities insisted on two- 
phase alternating-current systems. Most plants have been 
entirely changed over to three-phase, but at least two chies are 
cstill onerating with two-phase machinery and distribution sys¬ 
tems fnvdving unnecessarily high first costs and maintenance 

Distribution systems are generally at 2300 volts except in 
some cases where 6600 volts is carried to substations. The use 
of 2300-volt motors for power service is increasing. The start¬ 
ing devices used with these motors are more complicated than 
with lower voltages, but being without transformers, the net 

efficiency of the service is higher. • ^ 

In two cities the distribution system is in charge of an elec¬ 
trical engineer and is independent of the power plant superin¬ 
tendent. In general, however, the whole electric light and power 
utility is under the supervision of one man and this seems to 
be the more desirable and more efficient condition. 

Cost and Financing of Utilities 

f 

All of these utilities are financed by loans on municipal 
debentures whose terms vary from 20 to 35 years and longer, 
and bearing interest at rates of 4 to 6 per cent. Most of these 
were marketed in Great Britain, though a few were placed in 
Eastern Canada and in the United States. The expansion of 
Western Canada was so rapid before the war, that fears were 
expressed in financial circles that these cities were exceeding 
their ability to meet these obligations. Hence recent debenture 
issues have had to bear higher interest than earlier ones on 
this account. The war, however, has closed all money markets 
and the West, being without funds to carry on development, 
has felt the resulting depression much more keenly than the 

East. 

The municipalities provide for the retirement of these de’ 
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bentures by the maintenance of sinking funds. Interest and 
sinking fund charges must be met out of the current revenue 
of the utility and in general, rates are adjusted to produce these 
funds together with a small surplus for emergencies. 

An attempt has been made in Tables IV and V to summarize 
the financial statements for the year 1914 of the various utilities 
discussed. In every case possible the auditor’s statements 
were used as a basis for the analysis. The kilowatt rating of 
the plants is that of the machinery available for service. The 
pl an t value per kilowatt capacity in Table V seems high in 
several cases. This usually covers obsolete machinery still 
carried on the books, together with the costs of errors and mis¬ 
takes made in building up the plant from a small station. The 
power output of the plant in kilowatt-hours was used as the basis 
for the figures in Table V which shows all costs on a kilowatt- 
hour basis. Table V also includes average figures in nineteen 
Massachusetts steam power plants for 1914, based on the 
returns of the companies to the Board of Gas and Electric 
Light Commissioners of that state. 

In connection with the high first costs of the distribution 
systems and the yearly distribution costs, attention is drawn 
to the fact that these cities have grown up with homes scattered 
over large areas. The municipal utility has had to supply all 
reasonable demands for light and power even in the most out¬ 
lying districts. This has resulted in high pole and line expense 
and correspondingly high upkeep charges. 

The capital cost for the hydroelectric plant at Kamloops 
has been so great that its fixed charges will nearly equal the 
former cost of fuel, in the steam plant. But the labor cost will 
be less than before. Hence the net cost of power will not be 
appreciably decreased by the use of hydroelectric power unless 
the load factor of the plant can be greatly increased. Efforts 
are being made to secure additional mining and irrigation loads. 

It has been said that the electrical utility at Medicine Hat 
does not pay enough for the gas that it consumes and that if 
it were charged the same rates as other consumers, the surplus 
would be wiped out and higher rates might even be necessary. 

In the Moose Jaw statement in Table IV, a deduction of 
$9,012.00 is made from the total cost. This covers the charges 
for operating the city pumping station which is connected with 
the electric plant and operated by the same force. Hence for 
purposes of comparison in Table V, this cost was deducted 
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proportionately from the operating costs and the overhead costs. 
The Moose Jaw plant was partly under construction in 1914, 
which accounts for a portion of its high production costs. 

The deductions in the cost of Regina in Table IV represent 
the value of extra stock on hand in the store rooms at the end 
of the year. Hence in order to obtain the values in Table V, 
this was deducted proportionately from the costs of oil waste, 
etc., from repairs and maintenance of plant and from repairs 
and maintenance of the distribution system. 

Regina was not using its new power plant during all of 1914. 
Its economical operation ought to make material changes in 
the power costs of the year 1915. 


At Edmonton the Power Plant department has control of 
the generation of electricity and the pumping of water. It 
delivers the electricity at its main switchboards or at the direct- 
current switchboards of its substations either to the street 
railway or to the electric light, and power department which is 
a separate organization. The report of the superintendent of 
the power plant showed the operating costs of the steam, gas, 
water and filtration departments but did not distribute the 


overhead charges between these subdivisions. 

In Table IV the interdepartmental charges were first dis¬ 
tributed proportionately among the different items in the sum¬ 
mary. Then the overhead charges were distributed on the basis 
of the total operating costs of the electrical and water plants. 
This allotted 75 per cent of the overhead charges to the electrical 
plant and 25 per cent to the water pumping and filtration plants. 
The latter charge amounted to $10,082.99. 

A further^ analysis of the statements showed a deficit in the 
water pumping and filtration departments between total revenue 
and operating costs of $1,119.98. Both this charge and the 
preceding one of $10,082.99 had evidently been made up out 
of the revenue of the electrical departments and in Table IV are 
therefore included in its surplus since the water department 
operated at a loss. 


In addition, the city council in By-law No. 526 set aside the 
sum of $12,481.26 out of the surplus of the power plant. Eor 
the purpose of this analysis this sum is still treated as surplus for 
the electrical department. 

Finally, the statement of the power plant department showed 
a net surplus over all charges, including the reserve just dis¬ 
cussed, as shown by its profit and loss account for 1914, to the 
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amount of $828.33. This also was evidently earned entirely 
by the electrical department. The true net surplus for the year 
was therefore $24,512.92. 

The electric light and power department of Edmonton has 
charge of the distribution and sale of its electricity to private 
consumers. It is an entirely distinct and separate organization 
from the power plant department and keeps its own sets of ac¬ 
counts. However in these accounts the selling price of the power 
plant department for electricity is the cost price to the electric 
light and power department. For the purposes of this discus¬ 
sion, it seemed advisable to combine the statements of the two 
departments and this was done in Tables IV and V. The 
electric light and power department showed a net surplus for the 
year of $55,190.95. Hence the total surplus from the electrical 

utility was $79,762.90. • . , , 

The miscellaneous charge for the city of Calgary includes an 

item for $150,821.63 which was the cost of 26,463.032 kw-hr. 
purchased from the hydroelectric plants of the Calgary Power 
Company. This represents an average cost of 0.57 cents per 
kw-hr. at the city’s terminals. Although the city’s municipal 
plant generated the balance of the power used, i. e., 4,928.564 
kw-hr., it did not seem fair to make a distribution of costs in 
Table V on this basis for most of the costs in this plant included 
“stand-by” charges for keeping the boilers warm and under 
steam and for having a sufficient labor force on hand in case of 

emergency demands for power. 

The fiscal yea? for Winnipeg ends April 30th. The figures 
- shown in Table IV and V are for the year ending April 30, 1915, 
and therefore cover a longer war period than those for the other 
cities. There may be some difference of opinion regarding the 
classification of these accounts in Table IV. The figures for 
wages include the following: 

Labor, Hydraulic Plant... $15,392.21 

Inspection and Patrolling, Transmission System 6,414.68 
Terminal and Substations, Operating Labor 19,523.43 


$41,330.32 

The repairs and maintenance costs cover charges similarly 
distributed. Office expense cost consists of commercial expense 
of promotion and collection, general office expense, printing and 
stationery, and war tax. The miscellaneous costs consist of the 

following: 
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Tramway to plant, operation and maintenance $33,795.34 


Extraordinary contingencies... 18,076.45 

Uncollectable accounts. 12,000.00 

Expenses on consumers’ premises and munici¬ 
pal lamps. 8,671.80 

Undistributed expense.. 36,988.59 


$109,052.18 

Although no fund is set aside for employee’s liability insurance, 
$9,484.60 was paid out in undistributed expense during the year 
for injuries and damages. 

The item kw-hr. generated ” in Tables IV. and V for Winnipeg 
represents the kw-hr. delivered at the terminal substations. It 
was thought best to use this figure so that the values would be 
comparable with those of the other cities. The utility’s records 


show the following: 

Total kw.-hours generated. 70,743,274 

“ “ " delivered at substations. 62,493,162 

Line and transformation losses... 8,250,112 


The financial year 1914 was chosen for this analysis of the costs 
of these plants not only because these reports were the most 
recent available but also on account of the lack of abnormal 
conditions of growth during that period. Previous to this year 
the increases in electrical demands were exceedingly difficult to 
forecast. A curve showing the growth of electrical demand that 
is typical of all these Western cities is that for Moose Jaw shown 
in Fig. 1. 

The year 1914 was a poor one financially for these municipal 
plants. Industrial plants were closed down at the outbreak of 
war and the utility’s power load was thus decreased. This in 
many cases made retrenchment necessary and all power plant 
improvements and extensions were suspended. A decrease in 
load instead of the expected increase, left all plants with excess 
power capacity. Consequently higher fixed costs and operating 
costs were the result. 

Table V shows very plainly the effects of cheap gas, coal and 
water power on the cost of electricity in the cases respectively 
of Medicine Hat, Lethbridge, Calgary and Winnipeg. The 
two former cities have comparatively small plants which at pres¬ 
ent are much underloaded and with low load factors. The 
effect of the high cost of coal is seen very plainly in the costs of 
the Moose Jaw, Regina and Saskatoon plants. Such utilities 
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should therefore have the most economical plants and methods 
available. In fact this consideration has not been neglected, for 
these plants are all provided with steam turbines, economizers, 
superheaters, CO 2 recorders and other apparatus to improve 
operating conditions and to reduce plant costs. 

It is scarcely fair to compare the fuel costs of these Western 
Canadian cities with that of Massachusetts as given in Table V, 
for in the West lower grades of coal with less heating value and 
higher ash and moisture contents are generally used. Labor 
also costs more in the West than in Massachusetts. 



Pj(j_ 1 _Total Annual Output and Peak Load 1909 to 1914 Munic¬ 

ipal Electrical Department, Moose Jaw, Sask. 

Taxation of Municipal Utilities 

The electrical utilities are taxed as shown in Table IV, in the 
cities of Lethbridge, Moose Jaw, Edmonton, Calgary and Win¬ 
nipeg. Only in the case of Lethbridge has the utility been taxed 
near its full value. In this city, it is held that the utility enjoys 
the use of the city’s streets and alleys for its distribution system 
and that its business increases with the general improvement of 
the town. It also receives fire protection and police protection 
provided by the general taxation of the city. The users of 
electric light and power thus enjoy privileges at the general 
expense of the public and should therefore pay in their rates a 
proportional tax to cover such extra privileges. In the other 
cities the taxes are only for a portion of the plant or systeni. The 
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taxes at Winnipeg probably cover property not within the city 
limits. 

The Lethbridge system is based on the right ideas and is more 
nearly the correct one. In order to determine the most equit¬ 
able basis for taxation of such municipal utilities it is necessary 
to study the classes of service they furnish and the privileges 
these enjoy. 

An analysis of the account of the utilities will show that these 
may be divided into three general classes. 

(A) Municipal services other than revenue-producing utilities. 
This class includes power and light services in municipal buildings, 
etc.; street lighting, and in pumping plants for fire purposes and 
street cleaning use. 

(B) Municipal services for revenue-producing utilities such as, 
street railway power, power to waterworks for domestic supply etc. 

(C) Private light and power consumers. 

The services rendered by Class A are obviously for the benefit 
of the whole civic community and there is no justification for 
taxing the portion of the distribution system providing such ser¬ 
vice or the proportion of the generating plant necessary to supply 
such demands. 

Class B services provide privileges which while they may be of 
value to the city as a whole, are enjoyed only by certain portions 
of its people and are paid for in proportion to the use made of 
this particular utility. The users of such special service should 
therefore be expected to pay in their rates a just proportion of the 
taxation on that part of the plant of the electrical utility provided 
to serve their needs. 

It is obvious that customers in Class C enjoy special privileges 
in the use of the utility’s light and power, and should pay for 
this privilege as a tax on the proportionate part of the system 
supplying their demands. 

It is thus possible to fairly apportion the taxable and tax-free 
values of the electrical plant and the land occupied and used by 
the utility. Such apportionment for taxation purposes should 
be one of the duties of the Provincial Public Utility Commission. 

A question naturally arises regarding the special privileges 
that made the utility subject to taxation, A survey of the fol- 
Mwing brief summary of certain features of these plants should 
indicate clearly that there is ample justification for subjecting 
them to taxation. 

In the first place the utility occupies land with a plant, of which 
a portion is used for other than pure civic purposes and produces 
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revenue. It is therefore subject to taxation under all usual plans 
of assessment and particularly so in those Canadian cities under 
single-tax. The utility uses the city’s streets and alleys fox* poles 
and conduits and enjoys fire and police protection as already 
mentioned. The city’s credit was employed in marketing the 
debentures to build the plant and its credit is still used in pur¬ 
chasing fuel, labor and supplies. Considerable time of the city’s 
executives is devoted to consideration of the utility’s special 
problems and thus a portion of the cost of municipal government 
is rightly chargeable to the utility. The utility furthermore pays 
no franchise tax to the city as would be the case in a privately 
owned system. 

Municipal plants under the conditions just enumerated are 
able to serve private customers at rates below the cost at which 
they could supply such service themselves and in this way pro¬ 
vide these consumers with special privileges which are enjoyed 
at the expense of the general public when no taxes are paid. It 
is therefore obvious that taxes should be levied on portions of 
these utilities and that consumers of classes B and C should 
pay in their rates, additional charges to meet this taxation which 
in the end really represents the utility’s just share of the general 
administrative and maintenance expenses of the city as previously 
outlined. 

Referring to Table V, it will be seen that taxes in the case of 
the Massachusetts cities amount to more than the plant labor 
costs and form about 15 per cent of the total production cost. 

Funds are set aside for employers liability insurance in the case 
of two cities. W^orkmen’s compensation acts are in force in 
these provinces. Some of the cities include compensation 
charges in their miscellaneous expenses, but do not carry insur¬ 
ance for the same. 

Debentures Issues and Sinking Funds 

Yearly charges for sinking funds have been figured out in most 
cities and are paid out of revenue, though in Moose Jaw only a 

depreciation fund is maintained. 

In Winnipeg, standard rates of depreciation are applied to the 
different parts of the plant. The average rate for the whole system 
approximating 4 per cent, of the total investment. It was con¬ 
sidered unjust to the Winnipeg tax-payers and current-users ot 
the present generation and unduly beneficial to future generations 
that both sinking fund and depreciation reserve should be pro 
vided. The Public Utility Commissioner of Manitoba ordered 



60 


CHRISTIE: MUNICIPAL OPERATION 


[Feb. 8 


that whatever sums are necessary for payment to the sinking funds 
shall be taken from the depreciation reserve. This sinking fund 
withdrawal amounts to about 1.8 percent on the total investment. 
The balance of about 2.2 per cent is carried as a depreciation 
reserve for plant replacement. The statements of the municipal 
department show only a change to depreciation, from which later 
a transfer is made to the Sinking Fund Trustees appointed by 
the Judiciary. Hence the depreciation charges in Tables IV and 
V should really be divided into two portions, one amounting to 
about eighteen-fortieths being allotted to sinking funds and the 
balance forming the true depreciation reserve. This method of 
financing is perfectly sound though it differs somewhat' from 
usual practise. 

The investment and use of these sinking funds presents a 
problem that has received much attention in the West. Some 
of these funds have been invested in other municipal securities, 
and in school debentures. Loans have been made on mortgages, 
while in a few places the money simply draws interest in the 
banks. In times of depression it would be hard to realize on 
some of these investments in case this were necessary. There 
is also the temptation in bad years to fail to set aside the full 
amount, hoping to make up the deficit at a later date. During 
depressions it is sometimes impossible to collect all the taxes and 

in such cases the sinking funds often do not receive their full 
allotment. 

There is necessarily a large element of risk in investments 
earning high returns and such use of sinking funds should be 
closely scrutinized. As these funds are public monies, they 
should only be used in absolutely safe investments. 

An innovation in municipal finance has been brought before 
the public in order fo remove these elements of risk incurred 
with sinking funds. This consists of the substitution of serial 
debentures for the ordinary long-term debenture with its sink- 
ing funds. In the end the cost to the public is the same provided 
the two bonds can be sold at the same price. In the case of the 
serial debentures an installment of the principal is paid off each 
year together with the interest charges on all outstanding bonds 
for that year. ^ This relieves the municipal councils of the respon¬ 
sibility for sinking fund investment and lifts a considerable 
burden from their shoulders. 

A statement of the case for serial bonds is put very concisely 
in the following paragraphs from Document 23 of the State of 
New York’s Constitutional Convention. 
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The most certain, simple and cheap way to amortize a debt is 
it ofE in annual installments. The uncertainties of calculation which have 
so unfortunately affected our sinking funds in the past are^ at once^ eliini- 
nated. There is no large fund left in the hands of public officials to be 
cared for and invested and reinvested for fifty years with all the attendan 
risk and temptation, and the danger that this power of investment in 
various local securities may be perverted into a political power is entire y 
removed. Furthermore, the fact that the same administration that incurs 
a debt must at once begin within a year to make provisions for its retire¬ 
ment, necessarily and strongly tends towards responsibility and prudence 
in the contraction of the debt. 

It has been maintained that investors prefer long-term securi¬ 
ties and in consequence the serial debentures could not be mar 
keted at as favorable prices as under present methods. Several 
prominent Canadian bankers who were consulted regarding 
serial bonds, expressed the opinion that there would now be 
practically no difference in placing the serials at as favorable 

rates as the long-terms. 

One leading American banker pointed out that, at the time 
of writing, short term bonds commanded better prices than long 
term securities and that he believed serial bonds could sell fully 
as well if not better than sinking fund securities. 

Document 23 of the New York Constitutional Convention 
may be quoted with interest on this subject. Referring to the 
marketability of serial bonds, it is stated: 

After careful investigation, however, your committee is of the opinion 
that serial bonds are quite as marketable as sinking fund bonds. At a 
recent sale by the Finance Department of New York City, where a sale 
of serial bonds was made side by side with sinking fund bonds, the former 
brought when reduced to terms of equivalent maturity, a better price 
than the latter, the Comptroller of the city attributing the success to the 
serial bonds. Inquiry among the large financial houses of New Yor , 
Boston, Chicago and Philadelphia has developed practically the unani¬ 
mous opinion of those authorities that serial bonds are at least as market¬ 
able as sinking fund bonds. The system has already been adopted by 
other States of the Union and is also now in use by many of the cities 
and smaller subdivisions of this State. 

There is a strong temptation in the West to adhere to the 
sinking fund plan, for often the municipalities are able to invest 
these funds at rates higher than the interest charges on the 
debentures and thus they relieve their municipalities of a certain 
amount of taxation. ' In spite of the element of risk this is often 

considered very clever administration. 

One further objection to the long term bonds, deserves men¬ 
tion here. Such a bond requires only a comparatively small 
annual sinking fund charge, which is attractive to an uninformed 
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tax-payer. On the other hand, if an adequate depreciation fund 
is not set aside to provide replacement of plant at the proper 
time, owing to the low sinking fund charges, low rates may be 
quoted at the expense of future consumers. For after the plant 
has had to be renewed such consumers will not only continue 
to pay interest and sinking fund charges on the old plant which 
was worn out by their predecessors and hence is of no benefit to 
them, but will also have to pay similar charges on debentures 
that have to be issued to renew the plant. This is unfair dis¬ 
crimination against future consumers. 

Attention has already been called to the long life of many of the 
debentures. It is certain that the plants which these debentures 
cover, generally cannot last their full terms. At a certain time 
they will be worn out and have only scrap value or they may be¬ 
come obsolete, yet the original debentures will still be unredeemed. 
The more equitable and just system is the modern method 
of limiting the term of the bonds to the life of the improve¬ 
ment they are to cover. This practise is required by law now in 
several of the American states. 

There seems to be a tendency among accountants and some 
engineers to over-estimate the life of electrical machinery as 
used to-day. If one considers for a moment, merely the changes 
brought about in the last fifteen years by the steam turbine in 
the power plant and by new lamps and fixtures in the art of 
illumination, and then if one further determines the number of 
machines bought so long ago that are still economically service¬ 
able in growing cities, it will become apparent that the estimates 
of the life of the plant made fifteen years ago have been entirely 
misleading and in error due to obsolescence either from improve¬ 
ment in the art or from inadequacy in capacity. Apparently 
such progress is not at an end and present-day machinery will 
be subject to the same influences. It would be well then for 
municipal authorities to give careful attention to this phase of 
the situation when deciding on the probable life of their plant 
and the debentures to cover the same. 

The adoption of serial bonds and the adjustment of their 
maximum term to the life of the improvement they are intended 
to cover, will provide an equitable and just method of financing 
future developments. The question naturally arises whether 
It would be wise or necessary to readjust the present outstanding 
securities. It has been suggested that these be exchanged for 
serial bonds properly adjusted to the life of the improvements 
thev cover. But such could only be accomplished with the 
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consent of the outstanding bondholders. It is probable that 
this would involve some difficulty on account of the holdings 
being largely in Europe where any financial innovations would 

be looked upon with suspicion. 

Depreciation and Obsolescence 

Probably the most frequent criticism one hears of municipal 
ownership is that adequate depreciation funds are not set aside. 
When reLwals become necessary, these must be made either 
at the expense of the taxpayer instead of the consumer who 
enjoys the utility, or more debentures must be issued. The 
larger cities of Western Canada are apparently providing suitable 
depreciation funds which represent the difference between the 
life of the plant and that of their debentures, so that the combined 
funds will replace the plant at the end of its usefulness. In¬ 
vestigation tended to show that the credit for this foresight was 
largely due to the work of competent auditors rather than to the 

initiative of the municipal councils. 

The smaller cities do not seem to maintain this .fund and for 
that reason their surplus has been declared at the expense of 
future replacement funds. A study of the situation in each of 
these cities would undoubtedly lead to the establishment of a 
depreciation fund even at the expense of slightly increased rates. 

The question of obsolete machinery presents mariy difficulties. 
Most of the cities have outgrown their first electric plants and 
these have either been scrapped or are virtually obsolete as 
reserves. In many cases some of the machines now in rise will 
soon be too small and uneconomical if the city continues to grow. 
Yet practically the whole value of these former plants is covered 
by debentures on which the present consumers are paying interest 
and sinking fund charges. The question arises as to how this 

obsolescence charge shall be financed. 

At Edmonton, the capital account for obsolete machinery m 
the various plants is excessive, as is evident from the high plant 
values in Tables IV and V. The former Superintendent, R. H. 
Parsons, made a commendable effort to wipe out as much of 
this as possible. In 1912 the power plant was granted $100,000 
out of general taxation funds for this purpose. The sum of 
$170,000 was set aside in 1913 from the power plant revenues 
for depreciation and obsolescence and in 1914 a sum of $87,817.00 
was again set aside for a similar purpose. It was hoped that 
this obsolescence charge would be totally wiped out in 1915. 
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War conditions, however, made reductions in rates advisable 
and considerable still remains to be written off the accounts. 

auditors recommended a general tax to meet 
IS charge on the basis that the city would be paying for “ errors 
of past years,” but this suggestion was not adopted. When this 
charge for obsolete machinery has been removed either by the 
retirement of debentures or the replacing of inefficient equipment 
y mo ern machinery out of the special depreciation and ob¬ 
solescence funds, it is estimated that the utility can reduce its 
charges by about 40 per cent. 

f plant at Moose Jaw in 1914 showed a sum 

o , unaccounted for out of the debenture issue. It will 
e necessary in the near future to provide a fund to meet this 

some of the fire losses not 

covered by insurance. 

seems necessary in certain cases to wipe off at 
once e c arges for obsolete machinery either by general taxa- 

lon or y un s from current revenue secured by increased rates, 
he latter plan appears to be the more equitable and just of the 
two, for those enjoying the utility are then paying all its costs. 


Charges for Municipal Lighting and Street Railwa'^ 

Power ” 

of the electric power utilities are dependent tc 

the fr lighting and 

Medl These rates will now be discussed. 

The T lighting or street railway, 

electrical utility charges the street railway de- 

LuwLrr for power. The city lighting 

wffh Sr electrical utility. The city is charged 

power at maintenance on this system and pays for 

itT systems 

tio^Tnd 'LT met railway owned by a private corpora- 

Plant charvITih engines. The municipal power 

fnrltr 1 maintenance of its light- 

mg system plus a meter rate of two cents per kw-hr for arc 

^Tn A incandescent lamps, 

for the directT f.mnpailway is charged If cents per kw-hr. 

its arc U ^ charged at the rate of $70.00 per year for 

piTudZi"! f ^nd munici¬ 

pal buildings are charged at the regular rates, viz.: eight cents 
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for the first 100 kw-hr., seven cents for the next 50 kw-hr. and 
six cents for all over 150 kw~hr. per month. 

At Regina, the city is charged by the utility, 2| cents per 
kw-hr. plus a service charge of 50 cents per connected kilowatt 
per month on 428 kw. for street lighting. This does not include 
repair and maintenance charges. The street railway pays If cents 
per kw-hr. for the power used plus a service charge of 50 cents per 
month per connected kilowatt on 1000 kw. The power is meas¬ 
ured on the direct-current terminals leaving the switchboard. 

The street railway paid 2 cents per kw-hr. for its power at 
Edmonton in 1914. For general street lighting the rate is 3.1 
cents per kw-hr. plus maintenance and operation cost plus 

per cent for departmental charges. The city of Edmonton 
also pays 5 per cent on capital expenditure for the street lighting 
system. The city has built a '' Whiteway ” on Jasper Avenue 
which is handled differently from the other lighting charges. 
In this case the charge is 3.1 cents per kw-hr. plus maintenance 
and operation costs plus 3|- per cent for departmental charges. 
Two thirds of this gross sum is charged to local improvements as 
a frontage tax and one third to the city of Edmonton. The 
city also pays 5 per cent interest on its third of the capital expen¬ 
diture. The balance of the capital expenditure was charged up 
to local improvements when the system was built. 

Street lighting in Calgary costs a fixed sum per lamp per year. 
This varies from $65.00 for a magnetite arc lamp to $6.00 for a 
16-c. p. incandescent lamp. The street railway pays 1.5 cents 
per kw-hr. for its power measured on the direct-current watt¬ 
meters on the outgoing feeders from the substations. 

The street railway at Winnipeg is operated by a private cor¬ 
poration with its own power supply. The city is charged 0.875 
cent net per kw-hr. for street lighting and 0.625 cent net per 
kw-hr. for water pumping, for electrical service from the munic¬ 
ipal plant. 

There is evidently no uniformity of practise in charging for 
street lighting and for power used by other utilities. Street 
lighting usually produces a higher load factor than similar service 
to private consumers. Water pumping also provides a high load 
factor and is very desirable service when pumping can be done in 
off-peak hours. Street railway service on the other hand fre¬ 
quently has no better load factor than other commercial power. 

It would therefore seem best to charge for all these services 
in two parts; first, a demand charge covering the fixed charges 
of that portion of the plant needed to meet maximum demands, 
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giving proper consideration to when these occur, and second, 
a meter rate on all current furnished, which rate would consist of 
operating and distribution costs together with a certain propor¬ 
tional part of the overhead and management charges. 

The Disposal of Surplus 

In regard to the disposal of surplus, at Kamloops this was 
carried to a summary account where it balanced the losses in¬ 
curred in the operation of other utilities. 

The profits were small in the case of Medicine Hat and of 
Lethbridge and were carried over into current revenue. The 
surplus of Regina and of Saskatoon are carried over into general 
revenue accounts where they offset in a measure the deficits 
incurred in the operation of the municipal street railways. 

At Moose Jaw the surplus is transferred to the account for 
municipal street lighting where it balances tAvo-thirds of the cost 
of this service. This practise is Avrong, for street lighting is a 
public convenience and necessity to the whole community and 
should therefore be at the expense of the city as a whole. The 
costs of such service should be included in the general taxes just 
the same as the cost of sewage disposal, fire and police protection, 

Calgary had a total surplus reserve of $154,850.91 set aside 
by the end of 1914. .No purpose has been allotted to the reserve 
up to the present time. Rates were reduced in 1915 and in conse¬ 
quence it is probable that the surplus for that year will be small. 

Edmonton’s surplus as already explained consists of the fol¬ 


lowing items: 

Power plant’s net surplus.$ 828.33 

Reserve set aside by By-Law No. 576.. 12,481.62 

Waterworks charges taken out of electric revenue 11,202.97 
Surplus in distribution dept. 55,190.95 


Net Surplus.179,703.87 


Of this amount the waterworks charges should be assumed 
by the water department by increased rates. The distribution 
department has now a total surplus reserve of $104,682.47. This 


has been distributed as follows: 

Deficit of Strathcona.. S6,554.49 

Obsolescence Reserve. 15,000.00 

Reserve for Underground Construction. 83,127.98 


It seems hard to justify the use of this surplus for underground 
construction when the funds are taken from current revenue. 
This is a ease where permanent improvements are being made 
out of the receipts from current lighting and power rates. 
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At the beginning of the fiscal year Winnipeg had a deficit 
of' $81,409.89 remaining from a total deficit of $142,273.64 in¬ 
curred during the first two years of operntion. The surplus for 
the current year was applied to this account reducing the net 
deficit on April 30th, 1915, to $2,725.17, which will probably 
be wiped out this year and permit lower rates to be quoted to 
customers. 

The variations in practise as set forth in the preceding para¬ 
graphs raises the question as to the proper disposal of surplus. 
The municipalities argue that the utilities are theirs, that they 
have earned profits which belong therefore to the community, 
and the city thx'*ough its governing board can dispose of this sur¬ 
plus as it deems proper. 

However, if the situation is analyzed carefully certain facts 
will be revealed which raise questions as to the equity of the 
above practise. In the first place these profits accrue out of 
rates paid by the consumers of light and power and they are 
therefore paying in their rates more than it is costing the city to 
provide such service. Suppose such profits are used, as is fre¬ 
quently the case, to make good a deficit .in another department, 
say in the water department, then the consumers of water are 
paying rates that are lower than the city’s gross cost for supplying 
water. One is then confronted with this situation ,that the elec¬ 
tric light users pay a portion of the cost of the water comsumer’s 
service. The injustice of this condition is at once apparent. 
The same reasoning applies in regard to balancing street rail¬ 
way deficits by surplus funds. 

On the other hand if the surplus is carried to a general revenue 
account, and is used to defray the current expenditures of the 
city or to meet specific civic costs, such as street lighting, it 
virtually takes the place of additional taxes. Then the electrical 
consumers are paying a portion of the city’s general taxes in 
addition to the cost of supplying them with power and light. 
This is neither fair nor just if the utility has already paid taxes 
on its valuation. If it has not been taxed, then there is a con¬ 
siderable measure of justification for this practise. 

Reference has already been made to the practise at Edmonton 
of utilizing the surplus for permanent improvements. In 
general when such funds are used either to replace old equipment, 
to extend the utility or to make permanent improvements in the 
system, the benefits of such will be enjoyed by future consumers 
extending over a period of years. They alone should bear the 
costs of such improvements and it is therefore unjust to levy 
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high rates on present convSumers that, provide funds for improve¬ 
ments they do not enjoy when paying those rates. 

In cities where a proper depreciation and obsolescence fund 
has not been provided, it would seem necessary to set aside at 
once all surplus funds in a special sinking fund to make up for 
failures in the past to provide for this cost. 

How then should the surplus be used? In every power plant 
there are at times emergencies that call for expenditures in 
excess of the current costs of other periods, such for instance 
as damages to the system from sleet storms, lightning, floods and 
fires. It would seem reasonable therefore that a special reserve 
fund of moderate amount should be set aside for this purpose out 
of the profits earned. 

The use of surplus to provide for deficient depreciation funds 
has been pointed out. This procedure is so reasonable, and 
rational that no argument need be presented to justify it, for 
sooner or later such funds must be forthcoming and rightly should 
be provided by the users of the utility. 

When profits exceed reasonable allowances for the two pre¬ 
ceding purposes, then the consumers are entitled either to a 
proportional rebate on their bills or to reduced rates for the 
following year. The former method has certain psychological 
advantages as it emphasizes the cooperative features of the 
enterprise and the mutual profit and loss characteristics of munic¬ 
ipal undertakings, and also obviates the political pressure 
brought to bear on officials when rate changes are to be made. 

If rates were reduced in proportion to surplus, the reductions 
would amount to from 7 to 15 per cent in the different cities, 
with the exception of Medicine Hat and Lethbridge. 

Tabk VI contains some interesting deductions from Table 
V. Winnipeg figures are for the municipal plant only and do not 
include the large private corporation operating the street railway 
and also selling light and power in the city. 

The plant equipment per 1000 inhabitants averages nearly 
twice that of the average of nineteen cities in Massachusetts. 
The electrical consumption per inhabitant is more than twice 
the eastern average. 

The average of kw-hr. generated per kilowatt capacity of 
plant for the Canadian cities amounts to 1457 kw-hr. This in¬ 
dicates that practically the same station load per kilowatt in¬ 
stalled exists in the West as in the'^Massachusetts cities. The 
equivalent coal per kw-hr. was figured from the cost of coal per 
^on of 2000 pounds and the fuel cost per kw-hr. as given in Table 
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“ Calgary A ” refers to the municipal plant only. 

** Calgary B ” includes the private corporation which has a franchise in the city. It has a plant of 2000-kw. capacity and delivers about 2,000,000 kw-hr. 
per year. 
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V. The Lethbridge plant consumes the whole output of its 
mine without much hand picking of the coal. The coal is rather 
low grade and high in ash. Hence the fuel consumption is 
apparently excessive. . 

The high coal consumption of Moose Jaw together with other 
high production costs is due in a large measure to the fact that 
half the boiler room was under construction during the financial 
year 1914. 

Considerable high grade Pennsylvania coal was burned during 
the year at Saskatoon which partially accounts for the low coal 
consumption. A survey of these figures on coal indicates that 
power costs can be considerably reduced by improved plant 



Fig. 2—Monthly Lighting Charges to Small Consumers 

operation. The cost of fuel per kilowatt varies widely as shown 
in Table V. This item in the total cost was therefore eliminated 
from the figures given in Table VI in order that a more equitable 
basis of comparison might be obtained. 

The column of “ operating costs less fuel charges ” indicates 
very clearly the influence of the high labor costs due to higher 
wages in the west as compared with those of the Massachusetts 
cities. Cheaper service may be expected then by reducing labor 
costs per unit of output as well as cutting down fuel costs. 

Western distribution costs with the exception of Moose Jaw are 
generally lour, possibly because the systems are comparatively 
new and have not needed extensive repairs. The item of taxes 
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was also omitted from the costs presented in Table VI as there 
was no uniformity of practise in regard to this charge. The 
office and management costs of these western utilities are low 
compared to the Massachusetts costs. 

The average production cost less fuel and taxes is 1.021 cents 
per kw-hr. for the western cities against 1.252 cents per kw-hr. 
in the Massachusetts cities. The average fixed charges of 
the Canadian cities are 0.988 cent per kw-hr. or nearly the same 
as the production cost without fuel or taxes. The average net 
cost without fuel or taxes amounts to 2.009 cents per kw-hr. 
From Table V the average net cost including fuel and taxes is 
2.793 cents per kw-hr. 



Fig. 3—Monthly Lighting Costs to Large Consumers 

Rates for Light and Power Service 

The rates for lighting and power with the prompt payment 
discounts in the various cities are given in Tables VII and VIII, 
and are shown graphically in Figs. 2, 3, 4 and 5. These curves 
are plotted with total kilowatt-hours consumption per month 
per consumer as one ordinate while the other indicates the net 
monthlv cost to the consumer when he avails himself of the 
prompt payment discounts. Comparison can be made betiveen 
the different cities by selecting any given consumption and noting 
from the curves the net cost in each city. Rates of other cities 
can be compared by figuring the net cost of a given electrical 
consumption and comparing it with the charges in the Western 
plants as shown by the curves. 
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The curves showing the lighting rates for Regina for large 
consumers are not absolutely correct for they do not include the 
service charge of 50 cents per kilowatt of connected load. As no 
data are at hand in this case regarding the relation of connected 
load to consumption, it was impossible to plot curves represent¬ 
ing true conditions. The actual cost can be found by adding 
the service charge to the figures given by the curves. The curve 
for charges to small consumers has been plotted on the assump¬ 
tion of one kw. connected load per customer, and may thus be 
slightly in error for any particular case. No attempt was made 
to show the two meter rates of Moose Jaw and other places. 



Fig, 4—Monthly Power Costs to Small Consumers 

The effect of the general use of natural gas for domestic lighting 
and of the effort to build up a l-arge power load-is shown in the 
high domestic lighting rates at Medicine Hat. 

A service charge of 50 cents per month per kilowatt of demand 
is charged at Regina against the customer. It is maintained 
that this covers the so-called '^customer charge” consisting 
of the costs of reading meters, billing, etc., and also a portion of 
the demand charge on the plant which consists of the charges on 
capital to maintain capacity in the station ready to serve custo¬ 
mers. Flat rates are also stm in existence in some cities. 

Medicine Hat, Lethbridge and Calgary charge for light and 
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power on a ''sliding scale” basis, as shown in Figs. 3 and 5. In 
order to show the unfairness of rates charged on this basis take 
for example the Medicine Hat rates to two consumers using 
respectively 645 and 655 kw~hr. per month. The charges, are as 
follows: 

1st consumer 645 kw-hr. . . 4| = $29.02 
2nd “ 655 " - 4 = 26.20 

The second consumer uses 10 kw-hr. more than the first con¬ 
sumer yet actually pays $2.82 less for his total power. No 
analysis of costs could possibly justify such a practise, for the 
smaller consumer is manifestly discriminated against. 

It has been pointed out that the large consumer is entitled 



Fig. 5—Monthly Power Costs to Large Consumers 

to some consideration in rates but these should be adjusted to 
the cost of service. Hence if an analysis of costs justifies the 
Medicine Hat rate of say cents per kw-hr. for the first 650 
kw-hr. per month, then the consumer should pay that amount 
regardless of his total consumption. If, however, additional 
power over 650 kw-hr. can be provided to one customer at a 
lower cost than 4| cents per k'w-hr. then the consumer is entitled 
to a correspondingly lower rate for his consumption over and 
above the first 650 kw-hr. only. 

General cost curves could not be plotted from the power rates 
given in Table VIII for the cities of Kamloops, Regina, Moose 
Jaw and Winnipeg. 
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TABLE VIL—RATES FOR LIGHTING. 


KAMLOOPS. 

Population 5500. kw-hr. generated 2,628,100 

Flat Rate.10 c. p. 16 c. p. 

Each light per month (not to exceed two lights).1.25 2.00 

Discount if paid within 10 days—20%. 


Meter Rate. 

First 50 kw-hr...... 

Next 50 “ .. 

.. 12 “ “ “ 

Next 200 “ .. 

.. 10 “ “ “ 

Next 700 “ . 

Q 

Over 1000 “ . 

Q <( <( « 

1 cent per kw-hr. discount will be allowed if paid within 10 days from date due. 

Meter rent 25 cents per month. 


MEDICINE HAT 

Population 9000. 

Private residential lighting.. 

Business lighting... 

10% discount on bills paid in 10 days. 


kw-hr. generated 3,050,070. 
. 8 cents per kw-hr. 

o « u tt 


LETHBRIDGE 

Population 10,000. kw-hr. generated, 3,415,000. 

Up to 100 kw-hr. per month.. 10 cents per kw-hr. 

101 to 300 “ “ » 9 « « 

301 to 600 “ “ “ 8 “ “ “ 

Above 601 “ “ “ 7 « « « 

10 per cent discount on bills paid in 10 days. 


MOOSE JAW 

Population 20,000. kw-hr. generated 3,739,990. 

Lighting Rate. 7 cents per kw-hr. 

Meter Rental...25 “ “ month 

Minimum charge.. 75 « « « 

10 per cent discount on bills paid in 10 days. 

Customers may also use two-rate meters on which a charge of only 3 cents per kw-hr. 
is made for light, heating, cooking and small motors during off-peak hours. 

Meter Rental. 25 cents per month 

Minimum charge...3.00 per month. 

10 per cent discount on bills up to $40, paid in 10 days. 

15 per cent discount on bills over $4:0, paid in 10 days. 


SASKATOON. 

Population 25,000. 

First 100 kw-hr. per month. 

Next 50 “ “ “ “ 

All over 150 “ “ 

Minimum monthly charge SI.00. 

10 per cent discount on bills paid in 10 days. 


kw-hr. generated 8,873,642. 
....8 cents per kw-hr. 

7 (( H (( 

Q i( (t a 


REGINA. 

Population 40,000. 

First 300 kw-hr. per month..... 

All over 300 “ “ “ 

Service charge 50 cents per kw. of demand. 
Burned out lamps renewed by city free of charge. 
10 per cent discount on bills paid in 10 days. 
Special discounts for large lighting consumption. 


kw-hr. generated 9,315,355. 
-.7 cents per kw-hr. 

6 « t( 
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EDMONTON 

Population 50,000. kw-hr. generated 21,927,089. 

1 to 100 kw-hr. per month.cents per kw-hr 

101 to 400 “ “ “ .7 “ 

401 to 1000 “ “ “ ...-.“ 

1001 to 2200 “ “ “ ...6 “ “ “ 

All over 2201 “ “ “ .5K “ 

Minimum monthly charge 75 cents. 

No discounts allowed on accounts less than ^1.00. 

5 per cent discount on bills paid in 10 days. 

The following schedule cover the charges for sign lighting: 

1 to 375 kw-hr. per month.5 cents per kw-hr. 

376 to 5000 “ “ “ ... 3 “ “ 

All over 5001 “ “ “ .2 “ 

A schedule of minimum charges per kw. of connected load for each month of the year has 

also been prepared but is not quoted in this paper. 

10 per cent discount allowed on bills paid in 10 days. 


CALGARY. 

Population 80,000. kw-hr. generated 31,391,596. 

First 1000 kw-hr. per month.5 cents per kw-hr. 

All above 1000 “ “ “ .'.4 

Minimum charge 75 cents for the first kw. of connected load and 50 cents for each addi¬ 
tional kw. of connected load. 

10 per cent discount on bills paid in 10 days. 


WINNIPEG. 

Population 200,000. kw-hr. delivered at city terminal 

62,493,162. 

Domestic lighting.3i cents per kw-hr. 

Minimum monthly charge of 50 cents per meter. 

10 per cent discount on bills paid in 10 days. 

Commercial lighting sells at the same rate but with a net minimum monthly payment of 
11.00 per kw. of connected load and subject to certain wholesale discounts for large con¬ 
sumption not quoted. 


TABLE VIII.—POWER RATES. 


KAMLOOPS. 

Population 5,500. kw-hr. generated 2,628,100. 

Five classes of power rates are in effect, A for small motors; B for medium sized motors; 
C for large motors; D for irrigation pumping and E for heating and cooking off-peak. 

Class A Power. 

$6 per h. p. per year plus 

First 50 kw-hr...6 cents per kw-hr. 

Next 100 “ ...4 “ 

All over 150 and under 500 kw-hr.3 “ 


Class B Power. 

$Q per h. p. per year plus 

First 500 kw-hr.3M cents per kw-hr. 


KTpy t. 1 non “ .. 

.. ..2 

it 

a u 

Over 1500 and under 2500 kw-hr... 

..2^ 

it 

it a 

Class C Power. 




$6 per h. p. per year plus 




Fi r«!t 9, .500 Vw-hr . 

.3 

cents 

per kw-hr 

Next 4,000 “ .. 

. 

it 

it it 

Next 5 000 “ 

.2 

it 

it a 

Next 10 000 “ . 

..IK 

u 

tt it 

All over 21,500 “ . 

.IK 

it 

it tt 
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Class D. Irrigating only. 

First 2500 kw-hr..2K cents per kw-hr. 

Next 2500 “ .2 

All over 5000 “ .IK ‘‘ 


Class E. Heating and Cooking. 

Off-peak load.3 cents per kw-hr. 

Meter rent for all classes, 25 cents per month. 

10 per cent discount on bills paid in 10 days. 


MEDICINE HAT. 

Population 9000. kw-hr. generated 3,050,070. 


50 to 

100 kw-hr. 

per 

month . .. 

.6 

cents per kw-hr. 

101 to 

250 


it 

it 

.5K 

it 

ti it 

251 to 

450 


U 

it 

.. ... ..5 

it 

tt u 

451 to 

650 

U 

it 

it 

...4K 

it 

tt tt 

651 to 

850 

u 

It 

it 

.. .4 

it 

tt it 

851 to 

1,050 

u 

it 

it 

.3K 

it 


1051 to 

2,000 

it 

u 

tt 

.3 

it 

tt it 

2001 to 

3,000 

u 

it 

it 

.2K 

it 

if it 

3001 to 

5,000 

it 

it 

a 

.2 

it 

it it 

5001 to 25,000 

a 

it 

tc 

.IK 

it 

tt ti 

Over 

25,000 

u 

a 

it 

.1 

it 

it it 


Minimum charges, ^1.00 per month per h. p., single-phase motors. 

$.50 per month per h. p. three-phase motors. 

The following discounts are allowed on bills for prompt payment. 

For the first $100 per month consumption.no discount: 


For the second 1100 “ “ “ ..excess over $100 10 per cent. 

For the third $100 “ “ “ « “ $200 20 “ 

For the fourth $100 “ “ . “ “ $300 30 “ 

For the fifth $100 ‘‘ “ '' “ “ $400 40 “ 

From $500 to $1000 “ “ “ « “ $500 50 “ 

Excess over $1000 “ “ . “ “ 60 “ 

LETHBRIDGE. 

Population 10,000. kw-hr- generated 3,415,000 


, There are three schedules in force, the Peak, the Off-Peak and the Flat Rates. 


Up to 50 
50 to 250 
251 to 500 
501 to 1000 
1001 to 3000 
Over 3000 


Up to 100 
100 to 500 
501 to 1000 
1001 to 3000 
Over 3000 

10 per cent discount on bills paid in 10 days. 

To obtain these off-peak rates the consumer must install a time switch which will be 
under the control of the city and be adjusted by the city to conform to the following hours. 
Between the hours of 1 a.m. and 6 p.m. from February 1st to December 1st. 

“ “ “ ‘*1 a.m. and 4. 30 p.m. from December 1st to February 1st. 

Flat Rates. 

These are quoted only for large sizes of motors and for use during off-peak hours and are 
not given here. 


Peak Schedule. 

kw-hr. per month.. 

« « It 

it it u 

it it it 

it it it 

it ti it 

* 

\ Off-Peak Schedule. 


kw-hr. 

per 

month. 


cents 

per kw-hr 

it 

it 

a 

... 5 

t4 

it 

tt 

it 

tt 

it 

..4 

t4 

ti 

it 

ti 

it 

tt 

.. 3 

tt 

tt 

tt 

ti 

ti 

tc 

9 

it 

it 

u 


10 

cents 

per 

kw-hr 

6 

tc 

tt 

ti 

5K 

it 

it 

it 

5 

it 

tt 

tt 

4 

it 

it 

tt 


u 

it 

tt 


3K “ 
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Population 20,000. 


MOOSE JAW 


kw-hr. generated 3,739,990, 


Horser power of Fixed charges per h. p. per 

motors or peak load month or per h.p. of maximum 

demand 

1 to 3.$1.00. 

4 to 10.1.00... •. 

11 to 25. 1.00. 

26 to 50. 1-00. 

50 to 100. 1-00. 

Over 100. 1.00. 


Meter rate per 
kw-hr. of consumption 

..3.5 

..3.0 

.2.5 

. 2.0 

.1.5 

.1.25 


Total charge equals fixed charge plus meter charge. 

All charges are classified as follows: 

Class “ A ”—24 hours unrestricted use 100 per cent of base rate. 
ic “ 3 "—24 restricted “ 90 “ “ “ “ 

« “ Q "—10 “ unrestricted “ 90 “ “ “ “ 

“ “ D ” 10 “ restricted “ 66.6 “ “ “ 


The restricted hours are as follows: 

October 15th to October 31st.5.30 to 6.30 p. m, 

November 1st to November 30th.5.00 to 6.30 p. .m 

December 1st to January 15th.4.30 to 6.30 p. m. 

January 15th to February 16th.5.00 to 6.30 p. m. 

February 16th to March 1st.5.30 to 6.30 p. m. 


10 per cent discount on bills paid in 10 days. 


SASKATOON. 

Population 25,000. 

Fitst 750 kw-hr. per month. 

Next 2250 " “ " . 

Next 1000 “ “ “ . 

Balance over 4000 “ “ “ . 

Domestic power. 

Minimum charge.. • 

10 per cent discount on bills paid in 10 days. 


kw-hr. generated 8,873,642, 

.5.4 cents per kw-hr. 

u u 

U it 

u tt 

a u 

$2 .00 per month. 


3.25 “ 
2.34 “ 
2 “ 


REGINA. 

Population 40,000. kw-hr. generated 9,315,355. 

First 300 kw-hr. per month....^ cents per kw-hr. 

Second 300 “ “ “ .'.^ “ 

Third 300 “ “ “ .. 

All in excess of 900 per month...3 

Service charge of 50 cents per month per kw. of demand. 

The city uses two-rate meters on which the off-peak rates are as follows: 

First 1000 kw-hr. per month.3 cents per kw-hr. 

Second 1000 » “ .;; ^ 

All in excess of 2000 “ ‘‘ .^ 

The restricted hours are 6 p. m. to midnight from April 1st to September 30th, from 5 p.m. 
to midnight during March and October and from 4 p. m. to midnight from November 1st 

to February 28th. 

10 per cent discount on bills paid in 10 days. 


EDMONTON. 

Population 50,000. kw-hr. generated 21,927,089. 

Domestic power not used for commercial purposes costs 4 cents per kw-hr. 

Minimum charge 50 cents per kw. of connected load. 


General Power Rates. 

First 150 kw-hr. per month... ....3 

151 to 300 “ “ “ . 

301 to 5000 “ “ .... 

All over 5000 “ “ “ ...1 

10 per cent discount on bills paid in 10 days. 


cents per kw-hr. 


u 

a 

u 

u 

a 

u 

a 

a 
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The minimum monthly charges are as follows: 

(a) Heating or apparatus other than motors, 50 cents per kw. of connected load. 

(b) Single-phase notors up to 3 h. p., 50 cents per h. p. of connected load. 

(c) Single-phase motors above 3 h. p., 25 cents per month per h. p. of connected load. 

(d) Three-phase motors, 25 cents per h. p. of connected load. 

In (a) and (b) the minimum monthly charge is 11.00. 

In (c) and (d) the minimum, monthly charge is 12.25. 

Stand-by Service. 

A minimum charge of ^1.00 per kw. of connected load per month is made for this service 
No service is supplied for less than 25 kw. of demand. 


CALGARY. 

Population 80,000. ‘ kw-hr. generated 31,391,596. 

1 to 750 kw-hr. per month. ...2 cents per kw-hr. 


751 

to 

1,750 


li 

U 

.1.8 

U 

ti 

ii 

1751 

to 

3,500 

ii 

ti 

a 

..1.6 

ii 

u 

ti 

3501 

to 

12,500 , 


<( 

u 

. 1.3 

it 

it 

it 

All above 12,500 

it 


a 

... .1.1 

it 

u 

a 


A minimum charge of 50 cents per month per h. p. of connected load is made. 


When the current is used during off-peak hours only and the amount of current exceeds 
130 kw-hr. per connected h. p. per month, the following discounts are allowed: 

5 per cent discount for consumptions of 130 to 250 kw-hr, per connected h. p. per rponth. 
10 per cent discount for consumptions of 251 to 300 kw-hr. per connected h.p. per month. 
15 per cent discount for consumptions over 300 kw-hr. per connected h. p. per month. 


Population 200,000. 


WINNIPEG. 


Electric service heating, 1 per cent per kw-hr. 


kw-hr. delivered at city 
terminals, 62,493,162. 


Alternating-Current Power Rates. 

The first 50 hours use per month of total connected load 3^c. per kw-hr. 


it 


50 

ti 

it 

tc 

a 

tt 

it 

tt 

a 

to 

.5c. 

a 

tt 

it 


50 

it 

a 

it 

ti 

tt 

tt 

it 

*t 

1, 

.9 

ti 

ti 

it 

it 

50 

u 

it 

u 

u 

ti 

tt 

it 

tt 

1, 

.4c. 

a 

tt 

it 

u 

50 

ii 

tt 

it 

ti 

ti 

it 

a 

ti 

1, 

. Ic. 

it 

tt 

Excess over 250 

te 

it 

ti 

tt 

tt 

tt 

a 

ii 

0, 

,8c. 

ti 

tt 


Minimum monthly payment, 75 cents per h. p. of total connected load. 
Prompt payment discounts 1 year contracts 10 per cent. 

3 “ “ 15 

5 “ “ 20 “ 


All the above rates are subject to the following wholesale discounts: 

For the first $100 per month consumption.no discount. 


“ “ second $100 

a 



10 per cent. 

“ third $100 “ 

a 

tt 

a 

“ $200 

20 

ti 

“ “ fourth $100 “ 

a 

ti 

ti 

“ $300 

30 

a 

“ “ fifth $100 “ 

a 

a 

it 

“ $400 

40 

a 

From $500 to $1000 per month consumption... 

it 

“ $500 

50 

it 

Excess over $1000 per month consumption..... 

it 

tt 

60 

it 


The first three charge a fixed sum per h. p. or per kw. connected 
per month, plus a power consumption charge. Winnipeg has a 
system of charges based on hours of demand. However, if 
plotted, the power rates of Regina would be nearly the same as 
those of Saskatoon, while Moose Jaw rates would likely fall 
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between Saskatoon and Edmonton as shown in Figs. 4 and 5. 
The off-peak schedules of the different cities were not plotted. 

The Kamloops power rates could not be easily plotted. 

These rates were plotted in curve form, not particularly to 
show absolute values, but to show how size of plant, cheap hydro¬ 
electric power and cheap fuel affect the cost of power to the 
consumer. Low first costs of plant and low fixed charges have 
an appreciable effect as can be seen by comparing these curves 

with the figures given in Tables V and VI. 

The rates for Calgary are the lowest in the West with the 
exception of Winnipeg, due largely to the low cost of hydro¬ 
electric power. 

The Medicine Hat plant serves power consumers almost 
entirely and its lighting rates are therefore high. 

Edmonton rates should be reduced when the obsolescence 

charges are fully met. * 

Reductions may-be expected in the rates of the other cities 

in proportion to the growth of the plant load, (for all of the 
power plants are now operating under normal loads) and with 

improvement of their load factors. 

A comparison of Tables V and, VIII shows that in many cities 
rates for power are quoted at less than net cost and often at less 
than production cost. It is held that power loads are necessary 
to build up the load factor and to increase the total output of the 
plant. In this way the cost per unit will be reduced. On the 
other hand, it is evident that if such consumers do not pay their 
proportion per unit, of the fixed charges and other costs, then 
other consumers—generally those using lighting only-—are 
forced to pay an unduly large proportion of the costs if the utility 
is to meet its expenses. In such cases there is discrimination 
in favor of the large power users, who enjoy special privileges at 
the expense of the smaller consumers. This is unjust and the 
public can demand that this practise be stopped. 

Another argument is that a low rate is quoted by the city as 
an inducement to industries to locate in its limits. It is main¬ 
tained that any loss resulting from this low rate is more than 
offset by the benefits the city receives from having such an in¬ 
dustry in its boundaries. This in the abstract amounts to a 
bonus to such an industry., The injustice of this plan lies in the 
fact that only the consumers of electricity pay this bonus, which 
logically should be paid in taxes by all the property owners if 
the municipality desires to give such aid to an industry. 
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But on the other hand, the costs of service, of meter readings 
and of office work are much less in the case of the large consumer 
than where the demand is small, and it is perfectly reasonable 
that he should be quoted a lower rate on these grounds. Never¬ 
theless it is difficult to justify rates that do not cover the total 
operating costs plus fixed charges plus a portion at least of the 
distribution and office expenses. If the rates are based on ser¬ 
vice charges, it is proper for the large consumer to pay an equit¬ 
able share of capital charges for his maximum demand on the 
station just the same as in the case of the smaller user. 

The Winnipeg power rates deserve notice. The base rate does 
not vary with the size of the electrical demand, but varies with 
the duration of^this demand per month. The logic of this rate 
is sound for it is evident that no consumer using power for over 
50 hours per month could have this all on during the peak load 
hours. Thus a consumer using all his power for 200 hours per 
month provides a load two-thirds of which under any circum¬ 
stances, must occur during off-peak hours. The large consumer 
only benefits by the liberal discounts given along with the rates. 

The primary lighting rates in these Canadian cities have 
apparently been adjusted to favor the small consumer. The 
distance from oil-producing territory makes kerosene an expen- 
sive commodity. Hence in many cities, even the smallest house¬ 
holders find h not only more convenient but more economical 
to use municipal electric light than to burn kerosene lamps and 
these consumers, especially in those cities with minimum charges, 
provide a very considerable portion of the total revenue. In 
general the primary rates of cities in the United States exceed 
those of cities of similar size in Western Canada. Only a com- 
pete investigation by a public utility commission would show 

whether or not the small consumers are unduly favored in the 
latter cities. 

_ A survey of the rates of privately owned plants in cities of 
siinilar size in Wisconsin as reported by the Railroad Commission 
o that state and in Massachusetts as reported by the Board of 
as and Electric Light Commissioners, indicates that in general 

their rates are considerably higher both for light and power than 

utilities of these Canadian cities. 

While It IS possible, as already pointed out, that in some of 
these municipal undertakings adequate provision is not made for 
depreciation and obsolescence, in most cases this could be pro¬ 
vided out of surplus without appreciably affecting rates. Why 
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then should the Canadian cities be able to provide such rates? 
In the first place these utilities have no promotion or franchise 
expenses to capitalize and on which to earn a return. Nor have 
they capitalized “going value” or “ good-will.” In these partic¬ 
ulars they have a decided advantage over the cities with pri¬ 
vately owned plants. 

Another feature is that in adjusting rates in privately owned 
plants, present value must necessarily be considered. In a 
growing city, property increases rapidly in value and a private 
company is rightly entitled to earn money on the present value 
of its holdings or otherwise it would not pay the company to 
retain the property. In municipal enterprises any increment in 
value belongs to the city and does not need to be capitalized for 
rate making, although increasing the available assets of the 
utility and thus proving of value in issuing securities. 

A third factor is the matter of returns on the investment. 
The Wisconsin Commission has ruled that companies are en¬ 
titled to rates of from 7 to 8 per cent on their investment in order 
that capital may be induced to invest in them. 

The Board of Gas and Electric Light Commissioners of Massa¬ 
chusetts report for 1914, dividends in privately operated electri¬ 
cal utilities ranging from 5 to 22 per cent. It is probable that 
those earning the biggest dividends are undercapitalized or that 
the plant has been largely built out of earnings. 

The Canadian municipally-operated utilities are financed by 
debentures bearing from to 6 per cent interest. It is at once 
evident that there is an appreciable saving in this method of 
financing over that of private companies. This saving results 
in correspondingly lower rates to the customers of these 
utilities. 

Finally the municipally owned utilities do not require a set 
of directors and higher officials who often draw extravagant 
salaries taken from earnings. The executive administration of 
these utilities is generally quite simple and efficient, the only high- 
salaried officials being the commissioner, the superintendent and 
the electrical engineer. Furthermore, it is not possible to milk 
the municipal utility for exorbitant fees for promotion and legal 
purposes and for receiverships and reorganizations. There is 
also no chance to manipulate earnings by means of subsidiary 
companies who supply power, own roadbeds or have other favor¬ 
able concessions that enable them to take the cream from the 
profits of the utility itself. 
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Central Heating Systems 

in the prairie provinces heat and pure water for cities are 
absolute necessities, the first to peiunit existence in cold weather, 
the second on account of the pollution of much of the local water 
with alkali or river mud. Light is less necessary than the 
other two. The people of these cities have cooperated in the 
establishment of their municpal plants to supply light and water 
but aside from the natural gas supply at Medicine Hat, have 
taken no steps to cooperate in the economical generation and 
distribution of heat. They do not seem to appreciate at full 
value the ease with which such a central heating system can be 
installed and operated, and the satisfactory financial and eco¬ 
nomic results that would be obtained from it. However, it must 
be kept in mind that a large portion of the population emigrated 
from Europe where such cooperative methods of heating are 
unknown. Hence this system is not understood and its full 
value has not been appreciated. 

Hence none of these municipal plants has made any attempt 
to develop exhaust steam central heating in connection wit^i its 
power plant. This would appear to be a promising field to 
exploit in those cities where coal is expensive and the winters 
long and cold, as in Saskatchewan. Where the power plant is 
centrally located, it should not be a difficult proposition to build 
tunnels at least through the business section for steam pipes, 
electric wiling, etc. and to derive a very profitable return there¬ 
from. It should be posvsible to protdde heat to consumers at a 
lower cost than by present methods. The conditions at Saska¬ 
toon seem to be favorable for this purpose as the old reciprocating 
engine could supply much of the exhaust steam needed. The old 
station at Regina could also be utilized for similar purposes and 
need operate only during the heating season. 

General Remarks 

The municipal electric light and power utilities of these West¬ 
ern cities have on the whole been run efficiently. Their rates are 
in general fair and reasonable and compare very favorablv with 
those existing in cities of the same size in the United States where 
private corporations have control. 

The public in these Western cities takes a great interest in all 
utilities and this in a large measure has made them keep up-to- 
ate in equipment and organization. The economic effects of 
the low rates have not become apparent largely because the real 
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estate booms and inflated land values have offset the benefits 
of these rates. . 

Mistakes have been made in the past in the location and con¬ 
struction of electrical plants and in the selection of machinery. 
Most cities now have comprehensive plans prepared for plant ex¬ 
tensions and only radical changes in prime mover designs would 
seriously interfere with carrying these out. The introduction 
and development of the steam turbine was such a change. At 
present, however, it does not seem likely that another new form 
of prime mover will be produced for a while at least. 

It was a difficult matter to form any definite conclusions as to 
the character of service rendered by these municipally owned 
utilities. Since the war broke out, their electrical loads have 
been light and therefore they have been able to give excellent 
service as regards voltage control, lack of interruption, etc. It 
was therefore necessary to make inquiries over a period of years 
and these developed some interesting facts. 

During the period of rapid growth in these cities the councils 
of the time were so engrossed in street extension, pavements, 
water projects, etc., that they could spare but little attention or 
funds for electrical plant needs. In consequence the plant was 
allowed to become overloaded from lack of sufficient equipment 
to properly handle natural increase of load. A series of interrup¬ 
tions in service would forcibly call the attention of the public to 
the critical conditions existing in the plant. Then a demand 
would be made for instant action and machinery would be pur¬ 
chased in many cases solely on the speed of delivery without 
particular attention being given to the ultimate station plans. 
This phase of municipal operation could be corrected by a utilities 
commission, which would have authority to regulate service 
before extreme conditions existed. • 

The administration of these utilities as has already been pointed 
out, is in the hands of either a commissioner, a superintendent 
or .an electrical engineer and when these are free from inter¬ 
ference on the part of the council, the utility is administered well 

and economically. . . 

In a recent discussion of municipal plant operation in Okla¬ 
homa, Prof. Bozell makes the following statement: 

In practically every case where a cash surplus of any size was revealed, 
as well as in every case in which, efficient operation and an intelligible 
accounting system were found, there proved to be someone in the munici- 
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pality who was devoting a large part of his time to the handling of the 
plant without any charge to the municipality. 

A review of the utilities of Western Canada does not reveal 
any such condition to exist in these cities, for with the exception 
of Kamloops, the municipalities are large enough to employ 
competent superintendents. 

In Manitoba, a public service commission has authority over 
public utilities. A similar commission has been appointed in 
Alberta since this investigation was made. But, at present 
there is no executive board in either British Columbia or Sas¬ 
katchewan with such authority. Hence the municipal enter¬ 
prises of these provinces are at the tender mercies of the common 
councils of the cities and towns. Such bodies have frequently 
in the past committed their municipalities to ill-advised exten¬ 
sions. It would seem advisable to have an executive board in 
each province organized along the line of the railroad commission 
of Wisconsin, who would have the necessary executive authority 
and with duties about as follows: 

(a) To pass on all new extensions and expenditures of public utilities 
and to see that funds are spent on the improvements for which they are 
set aside. 

(b) To receive and approve financial reports of the utilities and to ad¬ 
just sinking funds and depreciation charges. 

(c) To adjust equitable rates without discrimination and to scrutinize 
the disposal of surplus. 

(d) To establish standards of service that the utilities can meet and 
that customers can reasonably demand. Owing to changes in the state of 
the art, these standards require frequent revision. Such changes usually 
result in improvement of service frequently at a lower cost. 

(e) To collect engineering data and to provide engineering assistance 
to municipalities undertaking new enterprises. The commission should 
also be empowered to pass on the plans of all new projects. * 

(f) To ad\ise with municipal authorities regarding the floating of 
debentures and to assist in a material way in marketing these. In many 
cases those in charge of the financial affairs of small towns have never 

had experience in these matters and competent assistance and advice 
would be most welcome. 

Such a boacd should consist of only highly trained men ex¬ 
perienced in this work and should preferably have three members, 
an engineer, an accountant and an economist. On no account 
should a man with a political record be allowed a place on such a 
board. In fact, it might be even advisable to appoint men 
from outside the provinces who would thus be free from local 
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prejudices and political affiliations. The board could act in an 
advisory capacity for municipalities on all matters dealing with 
utilities. Such control would have prevented many of the mis¬ 
takes made in the needless extension of utilities and would have 
insisted on sound financial conditions in all utilities. 

The establishment of such a commission would not necessarily 
curtail the control of any municipality over its own utilities. 
The local councils would still have the power to regulate rates, 
etc., subject only to review by the utilities board on appeal by 
one of the local consumers. 

■ A further function of such a board would be to exercise execu¬ 
tive control over the surburban and interurban activities of the 
utilities. Difficulties frequently arise in regard to the control, 
the rates and the service outside the municipal boundaries and 
beyond the control of of the city’s authorities. These could be 
equitably adjusted by the commission. 

Another useful activity of such a commission would be the 
standardization of the accounting systems of the various utili¬ 
ties. The difficulties met with in preparing the summary given 
in Table IV and the difference of opinion as to its accuracy as 
regards distribution of expense, make evident the need of such 
standardization if comparisons are to be made between the costs 
of different cities. Several of the public utility commissions in 
the United States have standardized utility accounting in a 
satisfactory manner. 

Such mistakes as have been made by the executives of these 
municipal undertakings have not been intentional nor due to 
carelessness. Generally these errors were in connection with 
matters with which the official had no previous experience and at 
the moment lacked competent counsel. The inauguration of a 
friendly spirit of cooperation between utility executives and the 
proposed commission would do much to materially improve 
matters in the future, for the commis.sion coiffd be called on for 
consultation whenever new difficulties were encountered. 

Conclusions 

In the preceding discussion, emphasis has been placed on cer¬ 
tain principles that should be applied to the organization of 
municipally owned utilities. These may be briefly summarized 
as follows: 

(1) The utility should be entirely self-supporting, and consumers should 
be charged such rates that the returns will meet all the usual expenses of 
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the business but will not provide balances to be used in extensions or 
improvements or to offset losses in other departments. 

(2) The utility should be under the direction of a single commissioner or 
superintendent holding office on good behavior and who should be given 
a free hand to develop the utility without political or civic-council inter¬ 
ference. 

(3) The utility should bear its portion of the cost of general municipal 
government through assessment and taxation. The latter should be paid 
from revenue and the rates to consumers should be adjusted to provide 
these funds. 

(4) The utility should be financed by means of serial bonds instead of 
long term debentures and all such issues should equal only the life of the 
improvement they are intended to cover. 

(5) Obsolete machinery should be written off the books at once, either 
by using surplus funds or by increasing rates. Depreciation or replace¬ 
ment funds should be set aside from revenue to provide for the renewal 
of the plant when worn out. 

(6) An emergency reserve fund of moderate amount should be accumu¬ 
lated out of surplus to meet extraordinary contingencies. 

(7) All improvements and extensions should be financed by additional 
bond issues and not from surplus funds. 

(8) The net surplus of the utility should be distributed in the form of 
proportional rebates to consumers. 

(9) A public utility commission should supervise the finance, account- 
ing, rates and administration of the municipal as well as privately owned 
utilities of each province. 

The preceding discussion of facts and conditions connected 
with the organization, financing, operation, rates and service of 
the electric light and power utilities of these cities of Western 
Canada, leads one to the following conclusions in regard to the 
general criticisms of municipally owned public utilities stated in 
the opening paragraphs of this paper. 

(1) The rapid growth of these cities has forced the executives of their 
utilities to make frequent extensions to their plants which on the whole are 
therefore well equipped with modern and efficient machinery and provide 
satisfactory service. 

(2) Rates for lighting and power are as low and in many cases lower 
than those in force in cities of similar size in the United States and are 
reasonable charges for the service rendered. 

(3) Accounting as a rule is now carefully done and the utility’s finances 
are isolated from other accounts. Some of the methods of financing as 
regards debentures, sinking fund, depreciation and surplus are open to some 
criticism as shown in the preceding discussion. 

^ (4) Most of these utilities have been fortunate in having good organiza¬ 
tion with competent executives. 

(5) There may be isolated cases where politics has influenced the 
management of the utility. But there was nowhere evidence of the 
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application of the spoils system ” to the municipal plants and in the 
majority of cases, the utility has been tolerably free from political inter¬ 
ference. 

It must not be assumed that this paper is an endorsement of 
public ownership. An effort has simply been made to present 
the facts that came to hand during visits to the various cities, 
without bias either for or against municipal ownership. If this 
article seems to favor municipal ownership or control, it is only 
because the facts as they were found, pointed in that direction. 
Such criticism and suggestions as have been made in this discus¬ 
sion are offered in a friendly spirit and in the hope that they may 
prove of benefit to these Western cities. In conclusion, the writer 
wishes to acknowledge the great assistance rendered him by the 
officials of these cities in the collection of data and in the inspec¬ 
tion of plants and systems. 
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Discussion on The Municipally-Operated Electrical 
Utilities of Western Canada” (Christie), New York, 
Feb. ,8, 1916. 

Philander Betts: I think of all those who are opposed to munic¬ 
ipal ownership, those that know most about it are the engineers 
and operators, etc., of utilities. Among those who favor munici¬ 
pal ownership and operation, I think we will find only a small 
number of engineers. The others are economists, publicists, 
politicians, most of whom are honest, but the list includes dema¬ 
gogues and others whose arguments are based on personal bene¬ 
fit. 

In the observation of the operation of utilities in the State of 
New Jersey during the past five years, and during the past three 
years more particularly, since the Commission has prescribed 
classification of accounts and has called for annual reports from 
municipally-operated utilities, there has been an opportunity to 
observe the operations of these utilities, and what stands out most 
markedly is the chaotic way in which they are operated and 
nianaged. The condition in Western Canada appears to be quite 
different, and brings out some things that I think we have all 
got to take account of. 

I think the paper sounds a word of warning, in a way, and I 
want to point out what that is. In the first place, municipal 
financing is based on a theory different from the theories on 
which our ordinarily operated public utilities are financed. The 
publicly owned utility or project of any kind is financed on the 
theory that it will suffice for this generation or for the life of the 
project, and that a scheme of financing must be worked out so 
that any bonds issued to pay for that project must in some way be 
taken up by the time that project is worn out, in this way leav¬ 
ing the future generation free to finance its own projects and 
detemaine for itself whether it will renew them. This applies 
to projects other than -utilities, and includes roads, school houses 
and other public matters. 

In regard to public utilities which are privately owned, we 
are ’working on a theory that these things go on forever, perhaps 
not as they are at present constructed, but in some form, and our 
financial schemes are based on the idea that they will go on for¬ 
ever, that they must be maintained and replaced as they become 
worn out, and that the capitalization needed to construct them 
continues and is not entirely retired at any time. 

This latter method of financing, if all other things were equal, 
womd re^ly mean cheaper rates, if the capitalization is not re- 
^irea. 1 hat is a mathematical problem, capable of demonstra¬ 
tion with a little trouble, but not a matter, I think, which is 
worth while going into now. 

In ^ order to know definitely whether municipally-operated 
u 11 les are am better than privately-owned utilities we must 
have proper methods of financing, proper methods of recording 
the various transactions involved in the construction of the plants 
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and of recording the transactions involved in the operation of these' 
plants, and the accounting systems must be imposed by some 
power superior to the municipal authorities. In New Jersey 
our greatest difficulty has been to place the responsibility. 

Last year twelve of the municipalities in New Jersey operating 
water departments were summoned by the Commission to explain 
why they had not furnished a full report of the operations for the 
preceding year. In each case the Mayor or the Clerk of the 
Council, or some official, tried to throw the responsibility on some 
one else, and it developed that almost all municipal operations 
are conducted on what to a business man is an inexcusably chao¬ 
tic basis. Receipts, revenues from the operation of the munici- • 
pal utility, are considered and handled like any other municipal 
revenue. They are taken up, handled and carried along in the 
same accounts with taxes, with license fees, and with other rev¬ 
enues. The costs of operating a municipal utility, on the other 
hand, usually come out of the proceeds from taxes. 

Without a proper system of accounting no one knows whether 
the system is operating successfully or not, from a financial 
standpoint, and to my mind that is clearly improper. There are 
a few cases that stand out in considerable contrast,^ in which the 
utilities are operated as a business proposition, in which the 
revenues, expenses, and all the accounts are handled through one 
department in such a way as to show, whether the project oper¬ 
ates at a gain or a loss. 

In making a proper comparison, however, Prof. Christie has 
called attention to the matter of taxation. To show how im¬ 
portant it is that all municipal utilities should pay their taxes 
just like any other utility, I want to call attention to a condition 
in one of the counties in New Jersey, consisting of about twelve 
municipalities. Ten of these municipalities own their own water 
departments and two of these municipalities are served with 
water by private companies. In the system of taxation in force 
in New Jersey a part of the tax money furnished by the munici¬ 
palities goes to the county to support the operations of the county 
and, therefore, a tax collected in one municipality is of benefit, 
in a way, to all of the municipalities within that county. _ If 
the water companies in these two out of the twelve municipalities 
pay their full share of taxes a large portion of that tax is expended 
for improvements in the other ten municipalities. 

That condition is recognized by many of the municipalities 
in New Jersey, and has led to a s^^ stem of trading,^ by which the 
municipalities have said, or a particular municipality has said, to 
the water company—we don’t want you to pay taxes and in 
turn we will not pay for the municipal water service that we get 
for our City Hall and School Buildings and Fire Houses, and in 
many cases for the fire hydrants. We will just exchange credit 
for these things, and we recognize that we as a municipality, 
and our citizens within our municipality will be better off, we 
will keep within our municipality the full amount of money that 
would be paid by that utility in the form of taxes.” 
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Is that a proper state of affairs? I think not, and I think that 
shows the necessity for every utility to pay its own taxes, whether 
it is municipally operated or not, provided any utility is to pay 
taxes, and it appears to be a well established thing that all prop¬ 
erty is. to be taxed as we now understand these things. 

There is another feature which is very important in the opera¬ 
tion of a municipal utility. In a few cases in this country— 
Anderson, Indiana, is one—the service of the utility is paid for 
at regular rates. Every bit of service furnished by the utility, 
service for the lighting of the school houses, of the police stations, 
and other municipal buildings should be paid for in accordance 
with the regular rate. ^Street lighting service should be paid 
for, taxes should be levied, actually, for that specific purpose, 
and credited to the utility, just as they would be if that utility 
was operated by a private corporation. 

A municipally-operated utility ought not to confine itself, if it is 
to do its proper duty to the public, solely to any matter of street 
lighting. It ought to be treated like any other utility, considered 
as a natural monopoly, and not only be allowed to, but required 
to furnish every class of service needed in that municipality. 
It ought to do the lighting, other than street lighting, provide 
all the necessary industrial power, and all current required in the 
municipality for any ordinary purpose. 

Now, let us consider this, question: If every utility was treated 
exactly the same way, financed in a proper way, kept its opera¬ 
ting accounts in a way to show the real result, and if there was an 
equal amount of efficiency displayed in the financing, construction 
and operation, then would there be an advantage to the munici¬ 
pality that owned its own utility? There might be in this one 
way in the regulation of rates we are often confronted with 
claims for value which have no basis in connection with the in¬ 
vestment. The investment itself might be made up or con¬ 
sidered as of two parts, actual investment in the physical prop¬ 
erty and everything that goes with that, and the investment, just 
as much an element of cost as anything else, that comes from the 
lack of earnings in the early years, lack of profits, and the un¬ 
earned depreciation which must not be forgotten' 

Instead of setting up a claim for a value as a going concern, 
which is the value that ought to be taken into account in a case 
where one purchases a property as a going concern, or where prop¬ 
erty is sold,—in claiming a value of that kind, I think we get 
away froin the proper basis, and that is the investmenta just 
consideration of the investment will take into account not an 
element known as going concern but an element that may be 
about the same, mathematically. It may be far in excess of any 
so-called going concern value or it may be less, and that is cost 
of establishing the business.’' That includes this lack of earn¬ 
ings in the early^years, lack of profits as time goes on, and this 
unearned depreciation due to the gradual and growing obsoles¬ 
cence of plants and the necessity for replacing them before a 
reserve has been accumulated to provide for that purpose. 
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If the claims set up by the company extends that far and no 
further, then there can be no advantage whatever that can accrue 
from municipal ownership, provided that in connection with own¬ 
ership by municipalities the financing and accounting and all 
operating conditions shall be carried on in exactly the same way 
that must be done by any efficient business organization carrying 
on the same class of work. 

Henry G. Stott: The fundamental point, it seems to me is 
this.—Is there any difference between a municipally owned 
plant and a privately owned plant? ETher a municipality or 
a private individual can buy efficient apparatus, one can 
construct as efficient a plant as the other. The next ques¬ 
tion is—What are the objects to be gained under the two 
classes? In one case, theoretically, the municipal ownership 
plant is constructed to give service at cost. In the other case, 
of the privately owned plant, or incorporated plant, admittedly 
the object is not only to give service, but to make a profit. 
Under these two plans it would look as if the municipally owned 
plant ought to give the cheapest service, other things being equal, 
but actually what do we find? We find this, that in the munici¬ 
pally owned plant as a rule—I am talking about conditions in 
this country—the plant becomes the prey of politicians. 

In one case there is a basis of trading political preferment 
without any desire to earn dividends. In the other case there 
is an actual and avowed desire for gain. There is no secret 
about it. The privately owned corporation exists to make 
money for its stockholders, and therefore must be operated 
efficiently. These are the two fundamental differences. 

If we can get away in the municipally owned plant from the 
idea that every alderman or councilman or politician has aright 
to send men around for this, that and the other job in connection 
with the municipally owned plant, and if there are no jobs open for 
them, the jobs must be made, with the resulting demoralization 
of the staff, then the municipally owned plant will be equally 
efficient and equally well operated as the private plant—there is 
no doubt about that—but we have no symptoms of that change 
in method at the present time. 

The biggest problem in the electrical industry today in connec¬ 
tion with the business of supplying power, is the question of 
obsolescence. In the case of the average plant today the greater 
part of the machinery becomes obsolete in from ten to fifteen 
years; very little of it lasts fifteen years, the average is about 
twelve years. I know of one case where a piece of apparatus 
which cost a quarter of a million dollars twelve years ago was 
scrapped recently and sold for $8000. We should establish 
an obsolescence fund. It is a proper charge against the 
cost of making power, because we know as certainly as it 
is possible to know by the history of the past that in the future 
there will be further developments, so that during the course of 
every decade or a little more, we must completely revolutionize 
our plant. This is a difficult thing to have recognized in any 
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municipality today, the fact that a charge for obsolescence is a 
proper one to make. 

If we could, as Mr. Christie suggests, have one man put fully 
in charge of a plant and make him absolutely responsible for the 
operation and for the financing of it, and have every one con¬ 
nected with the plant follow his instructions without outside 
interference, then I see no reason why the municipally operated 
plant should not be'operated equally advantageously with the 
ordinary privately owned plant. But they cannot be upon 
any equality, until we get rid of the idea in this country that 
the municipally operated plant is the means of passing around 
favors for the politicians, and until we put it on the basis of act¬ 
ually earning a revenue for the stockholders who are the tax payers 
of that city. 

R. P. Bolton: Mr. Christie has almost wholly disregarded an 
essential element which is rarely offered and generally almost 
impossible to secure in regard to municipal undertakings. This 
IS not only the rate or cost, but the extent of the contributions 
made to the income of municipal utilities by other branches of 
the rnunicipality. The paper contains but one slight reference 
to this subject. 


My^ investigations in Winnipeg and a number of cities in 
Ontario, have convinced me that municipal officials generally 
guarantee either an excessive use of electricity or charge high 
rates for energy supplied for municipal purposes. In fact I 
have found instances where the amount guaranteed has deliber¬ 
ately been made sufficient to secure the appearance of a surplus 
upon annual operation. 

I can offer a particularly definite illustration of this in the 
‘ municipal hydroelectric system in the City 

ot Toronto, from the report of which for the year 1914, I take the 
following figures: 

Out of a total income of $1,501,291, no less than $562,353 was 

u payments made for the lighting of streets, of 

public buildings, and for power used in municipal water supply, 
pumping, etc. ^ The total cost of the electric energy supplied, 

“f -1 for all commercial purposes was $324,236 

while the charges paid for street lighting by the municipality to 
the electnc system amount to $364,214. For municipal power 
purposes, the sum of $157,700 was paid. I learned that the cost 
of electncal operation of the pumping service was in excess of 
that for steam operation, and that the chief engineer of the 
water department resigned his position several years ago follow- 

protest against the change of system made 
necessary by the attempt to supply electric service to the munic¬ 
ipal pumping system. 

Street lighting is concerned, the cost for 1914 may be 

establishment of themunic- 
lighted by the Toronto Electric 
S f 1135,000. Thus, in about five years 

Operation, the cost of street lighting has been nearly trebled. 
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The result of these excessive contributions by the municipality 
was, for the year 1914, to bring about a surplus amounting to 
about per cent of the total income which, as is evident from 
the foregoing figures, is not real but merely apparent. 

The total energy used for the year 1914 of this municipal 
svstem was as follows: 

For residential and commercial lighting, kw-hr.. . 13,752,500 

For commercial power, kw-hr.. . 20,724,800 

For municipal purposes, light and power, kw-hr. .. 50,115,000 

Tt may be conceded at once that the large quantity of energ}^ 
absorbed for municipal purposes warrants a low rate per unit, 
but it is the total contribution which brings about the effect 
upon the municipal accounting. 

In making investigations in Winnipeg, I found that very 
similar conditions obtained there. I was informed at the time 
of my last visit that the city pumping department was being 
charged a higher rate for energy than was a commercial under¬ 
taking in the immediate vicinity, although the city pumping 
was an off-peak load and the commercial operation a twenty- 
four hour load. 

The situation in Winnipeg has not been quite fairly reported 
to Mr. Christie, judging by his description of it. The private 
corporation to which he refers had been in operation since the 
year 1892, and, during the greater part of its existence no divi¬ 
dend had been earned upon the capital invested. At the time 
of the commencement of the agitation for a municipal electric 
system upwards of $4,000,000 had been invested by this com¬ 
pany, upon which only 5 per cent was earned, while the arrears 
of unearned dividend at that time amounted to nearly $300,000. 
The agitation was not directed by any necessity for a supply of 
very cheap power, since power was at that time available for 
industries at rates as low as they are today. The company had 
also voluntarily reduced its rates for domestic service and the 
maximum charge for the minimum service was the ten-cent rate. 

In point of fact, the agitation for a flat three-cent rate for domes¬ 
tic sex-vice in which the city has become involved was started by 
cetain ill-informed persons for political purposes. This unfortu¬ 
nate local agitation has resulted in a total investment of nearly 
$7,500,000 and the bonded indebtedness of the city has been 
increased 33 per cent by the process. As in the case of other 
cities described by Mr. Christie, lying further west, the result 
has been disastrous to the credit of the communities, and in my 
judgment, the present unfortunate situation in western Canada 
is largely attributable to this unnecessary class of investment. 
The same remark applies in a degree, to cities in Ontario. 

The extravagant investments of these cities and particularly 
of Winnipeg, are due to an ill-informed faith in hydroelectric 
generation of energy, involving expense far in excess of that of 
first class steam power plants, and presenting very often great 
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difficulties in the way of any future radical change or enlargement. 
This point is well illustrated by conditions in Winnipeg, the cost 
of its plant per kilowatt of installed capacity being $132. A 
first class steam plant might have been built at $50 per kilowatt 
of capacity. The fixed charges on the difference of $82 upon the 
output recorded for the year 1914, amount to 0.37 of a cent per 
kw-hr. which is equivalent to the cost of coal at the rate of 1.8 
pounds per kw-hr. and at the price of $4.00 per short ton. 
The excess investment amounting to $2,500,000 has, therefore, 
little or no commercial value. 

Moreover the municipal plant in Winnipeg as in other places, 
is lacking in stability as a result of the liability to failure of all 
hydroelectric and transmission systems, and is in this respect 
at a disadvantage when compared with the system established 
by the private company which has a large steam power plant in 
the city. From these facts a peculiar situation has arisen. 
Sundry consumers upon the municipal system are paying for 
breakdown service on the private system as a reserve, being thus 
put to double expense. 

The State of Manitoba has established a public service com¬ 
mission systern, one of the problems of which, as described to me 
by the Commissioner, was how to deal with the unfair competi- 
bon established by municipally operated systems like those in 
n innipeg. The various municipal systems in the province of 
Ontario are under the control of the Hydroelectric Power Com- 
that province by which a uniform system of ac¬ 
counting has ^been established recently. In this accounting 
systern depreciation must be provided for. No provision, how¬ 
ever, is ^^de for the bringing out of the extent of the contri- 
Dutions of the rnunicipality toward the support of its electrical 
utility. ^ I have investigated instances in which, in order to make 

up a prior deficiency, the amount of street lighting in a small 
towm has been doubled in a year. 

In view of this feature of Canadian municipal operations, it 
wou ^ seein necessary that all the facts should be known before 
ecision as to their financial failure or success is made. Informa- 
lon in the paper is, as I have said, meagre-, but enough is stated 

process I have described is evidently being 
railway services, prices are apparently 

the way from 1| to 2 cents per kw-hr. 
Arc lamps are charged as high as $65 and $70 per annum. In 

frate of $24 per 100- 
. Doubtless further investigation by Mr. 

methods bv wtvhfv remarkable illustrations of the 

metnocls by which this process is pursued. 

dictated'bv ^ municipally operated utilities is - 

of thPrilt of o™ treatment and full consideration 

thekowf credit whether they will pledge 

rneir own credit to effect certain results or allow other oersonc; tn 

ao .t for thorn, at a reaaonable price. But I regarlf'a^X Irs? 
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duty of the engineer to avoid deceiving himself and deceiving 
others. I have never been able to find that the municipally 
operated utilities in Canada were free from methods open to 
criticism as being unequal in effect and unfair in method. Until 
we can be informed fully upon every important phase of the 
subject, judgment as to the relative efficiency and financial 
success of the Western Canadian municipal utilities should be 
suspended. 

Edward J. Cheney: Mr. Christie gives us a good deal of in¬ 
formation on what can be done, but the real question is—what 
will be done—in the situation in which we are interested. When 
our city governments can conduct present operations in an effi¬ 
cient and economical manner, it will be time to say that we can 
take up the municipal ownership and operation of public utilities 
on a satisfactory basis. For, whatever reason it may be, munic¬ 
ipally owned plants in this country do not show as successful 
operation as Mr. Christie shows for the Canadian ones. There 
are some notable exceptions, but I think invariably they are due 
to the fact that some broad minded, public spirited citizens, 
without compensation, have taken charge and kept the operation 
out of the hands of selfish interests. 

The country which Mr. Christie has studied is new. The 
very rapid growth of the territory is in itself favorable for suc¬ 
cessful operation. The citizens appear to be non-political and 
interested in general business affairs. That atmosphere is not 
conducive to the development of politicians or their education 
in the use, for selfish purposes, of publicly owned utilities. 

I do not wish to appear pessimistic, but there is some indication 
in the paper that those conditions may be changing and it is 
possible that those cities may ultimately reach that unhappy 
stage of development, with which we are fairly familiar in this 
country, in which the possibilities of exploiting the public 
utilities are well understood and fully taken advantage of. 

It IS suggested that state or provincial regulation could be used 
to smooth out and correct the irregularities of the municipally 
owned plant. Now, in this state we have state regulation which 
theoretically controls such p)lants, but the trouble is to find the 
man or the set of men or the organization that you can control. 
How do 3 ^ou get hold of anybody you can do anything with? 
I know of one instance in which the electric distribution system 
in a certain city was in a deplorable condition. It not only ren¬ 
dered good service imf)ossible, but was an actual menace to life. 
The matter was taken up with the men who had charge of the 
plant, and these men said—Well, we would have to go to the 
Board of Aldermen, and if the Board of Aldermen submitted 
to the citizens a bond issue, the citizens would not vote for it. 
We have no money and what can we do about it?” What, as a 
matter of fact, can be done in such a case? You cannot make 
men, who have no money, do anything which requires the 
expenditure of money, and you cannot make an order directing 
the citizens of a city how to vote. 
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general revenue and goes to reduce taxation, the electric light 
and power consumers are being overcharged to help reduce the 
taxes on all property including that held by parties living in 
other parts of the world who do not contribute one cent of the 
electric rpenue. Therefore, it appears to me, that the only 
fair way is for the utility to pay the same rate of taxes as any 
other industry and keep the electric rates as low as will produce 
a slight balance on the right side of the books. This is what 
the city of Lethbridge has endeavored to do. Of course, in fol¬ 
lowing out the above, you lay yourself open to the danger of a 
falling off in the receipts and are then likely to face a deficit 
at the end of the year, but I think this should be taken care o ' 
by putting surplus that may accrue, into a contingency fund to 
take care of such an event. 

A. G. Christie: Mr. Betts has brought out very clearly 
some points in financing that deserve attention. He justly 
insists that the utility itself should bear all costs connected with 
its financing and operation. Too often the equipment does not 
last as long as the life of the debentures. 

Mr. Scott has emphasized in his discussion one of the most 
important essentials for success in municipal ownership, viz— 
one-man control. This, and the spirit of cooperation between 
citizens and the utilities seem to me to be the real basis for the 
results shown in the West. 

I have had considerable difficulty in impressing on municipal 
officials the necessity of figuring ample obsolescence allowances, 
and Mr. Stott’s statements in this connection will materially 
assist in emphasizing my point in regard to the short life of 
present-day machinery. 

Mr. Bolton’s contribution to the discussion is very timely 
for by introducing the question of municipal revenue to the 
utility, he calls our attention to a factor that in times past has 
been one of the greatest shortcomings of public ownership. 
However, genuine attempts are being made in western cities 
to overcome these defects by charging for all service on the meter 
basis. But, as is shown in the paper, several still maintain 
fixed rates per lamp, and are thus still open to criticism. 

In regard to Mr. Bolton’s figures from Toronto, I am not 
intimately familiar with the situation there. However, these 
hardly seem fair, for he considers only lump sum figures and does 
not present the cost per unit or the increase in the effectiveness 
of the lighting system. From. 20 years acquaintance with 
Toronto, I am able to say that it has never been better lighted 
than at present, and this of course, takes additional power. 
Furthermore, Mr. Bolton apparently discounts also the rapid 
growth in population and extent of Toronto from 1909 to 1914. 

When one discusses Winnipeg, its situation must be clearly 
kept in mind. The long haul from the Alberta coal fields made 
the cost of steam power prohibitive. Hence the people naturally 
turned to water power which is available in great quantity in 
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the country to the northeast of the city. Whether Winnipeg 
was warranted in expending so much on its h^^droelectric system 
is a difficult question to discuss, yet the fact remains that the 
electrical utility is supplying probably the cheapest electrical 
power in America and is earning a surplus at the same time. 

In regard to Mr. Sharp’s question about bonded indebted¬ 
ness, I must admit that I am not familiar with New York state 
figures, and I do not believe that I have the necessary figures 
from the cities of Western Canada to make satisfactory compar¬ 
isons. I believe, however, that the ratio of bonded indebtedness 
to assessment will be found higher in the West than in New York. 

It would puzzle one to get a fair basis for comparison in regard 
to assessment. Some cities are under single tax. Others have 
cut assessments since war broke out, while others have very 
inflated land values on all real estate. 

The high rate of interest on Canadian municipal bonds was 
largely due before the war to considerable doubt among British 
financiers of the ability of these municipalities to pay for these 
debentures. They failed to realize the rapid growth of these 
cities. On the other hand, some cities like Saskatoon started 
out on too ambitious a scale. 
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CREST VOLTMETERS 


BY C. H. SHARP AND E. D. DOYLE 


Abstract of Paper 

The paper shows how a voltmeter which will read directly 
the maximum or crest values obtained in high-voltage testing 
may be constituted by a combination of an electrostatic volt¬ 
meter and an electric valve. Diagrams of connection are shown 
and results of test given to indicate the validity of the method. 

S tresses in dielectrics subjected to alternating voltages 
are proportional to the maximum rather than the mean 
effective value of those voltages. The ordinary voltmeter 
which reads r.m.s. values is nevertheless the instrument ordi¬ 
narily used in high-voltage testing, and the assumptions are 
made that the crest factor, that is, the ratio of the maximum 
to the r.m.s. value of the wave, is that corresponding to a sine 
wave, 1.41, and further, that it does not vary therefrom. 
These assumptions are made with the full knowledge that in 
the general case they cannot correspond strictly to the facts, 
but the lack of a suitable instrument for reading crest voltages 
has made it almost imperative to adopt this course. Quite 
apart from the ordinary deviations of the wave form of alter¬ 
nators from the sine curve, the variations in wave form with 
the load on the transformer which are encountered in high- 
voltage testing are often exceedingly serious and sufficient to 
introduce errors which are very important indeed; especially 
since they may be unknown and unsuspected., This renders 
highly desirable a suitable instrument for reading the crest 
values, and hence giving results independent of these variations. 

As illustrations of some of the variations which occur in 
actual practise, Figs. 1, 2 and 3, all taken from different test¬ 
ing installations in practical use, are given, which with their 
captions are self-explanatory. Fig. 3 is particularly striking 
as showing a change in crest factor of 25 per cent with quite 
a small change in the load. It is evident that a condition such 
as indicated here was an intolerable one where, as was the case, 
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a product of great monetary value was being tested on the 
assumption that the wave was of sine form and invariable. 

An instrument is available, and is recognized by the Stand¬ 
ardization Rules of the A, I. E. E., whereby these maximum 
values may actually be measured. This is the spark gap, 
fitted either with needles or with spheres. Without going into 
detailed consideration of the shortcomings of the spark gap, 
it may be noted that it is deficient in that it can be set for one 
voltage only and gives no indications, except by breakdown, 
of the voltage to which it is subjected. It has been very aptly 



Fig. 1 Wave Form Distortions in a Testing Transformer Intro- 
1 TTtr Improper Voltage Control Apparatus 

o—supply circuit. 

5—Wave form of secondary of controller under load 


said that measuring voltages with a spark gap is like measur¬ 
ing current vath a fuse. A spark gap can be used with accuracy 
only where it is placed at a sufficient distance from all extra¬ 
neous bodies which might influence the character of the elertro- 
static field in the gap., The precautions required are outlined 
m the Standardization Rules. The breakdown value of the 
spark gap is also affected by the pressure and the relative 
humidity of the atmosphere. The variations due to humidity 
have not been standardized. The Standardization Rules say 
+n precautions are observed, the spark gap can be used 

to advantage in checking the calibration of voltmeters when 
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set up for the purpose of high-voltage tests of the insulation 
of machinery.’' 

1. Sharp and Farmer^ have described a crest voltmeter in 
which an instantaneous contact apparatus driven by a syn- 



Fig. 2—Wave Form of Testing Transformer Voltage 

A—N-o load; crest factor =1.11 X 1.41 

B—Light load; crest factor =0.98 X1.41 

C—Heavy load; crest factor =1.15 X 1.41 

chronous motor allows an electrostatic voltmeter to be put 
momentarily in contact with the high-voltage circuit at the 
crest of the wave. The voltmeter is thus charged up to the 
crest voltage and indicates this value. For steadying purposes 
a condenser is placed in parallel with the voltmeter. This 



Pig. 3—Variation of Crest Factor of Testing Transformer with 
Load Crest Factor Expressed as Percentage of Sine Wave Value 

apparatus can be used on a condenser multiplier from the high- 
tension circuit or from voltmeter windings on the high-tension 
transformer, or from a calibrated step-down transformer. It 
suffers under disadvantages as follows: 


1, Transactions A. I. E. E., 1912, Vol. XXXI, part II, page 1617. 
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(a) a synchronous motor is required which must be started 

^hich will not hunt. 
^ ( ) he maximum point of the wave must be found by shift¬ 

ing- the contact device. 

Inasmuch as the angular position of the maximum of the 
wave will vary as the wave form changes, it is necessary to 

maximum point with changes in 

fX H /i! " thing to do, and unless it is care- 

Mly done, the indications of the instrument will be erroneous. 

ran K however, the advantage that the crest voltmeter 

can be cahbrated directly against an r.m.s. voltmeter in the 

X y circm , provided the ratio of transformation of the 

nsformer is known. This may be done as follows: With a 
transformer with a load at which its ratio of transformation 
known and with a constant primary voltage of known value, 

tane^J^ secondary is traced, using the instan- 

npnti-n maker^ and the electrostatic voltmeter in con- 

methn!l ^ tiplier. In this use of the instrument, the 

method IS that given years ago by Ryan. From this trace of 

11. secondary voltage as 

mit ^ electrostatic voltmeter plus its multiplier is com¬ 

puted. By companng the true r.m.s. value as given by the 
pnmary voltmeter and ratio of transformation with the in¬ 
dications of the electrostatic instrument and multiplier, the 
m^tiplying factor is obtained. This is the multiplying factor 
hich must be applied to the crest reading. 

crel 111 and Fortescue^ have given a method of reading 

1 the bil iT ^ condenser 

of that measuring the charging current 

of that condenser by means.of a galvanometer which is short- 

circuited dunng each alternate half-cycle. Knowing the ca- 

melLl alternations, the 

TlSlef ^ arest 

^ the above in 

and som^f'^^ rectifiers are used in series with condensers 
such thTt tb ammeter. The connection of the rectifiers is 

This method one-half cycle. 

nis method ob viates the synchronous motor. 

2. Transactions A. I. E. E., 1913, Vol XXXTT .=.rt"r-— 

a. A. I. E. E, l«u, Vol. shf, 
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4, Lloyd, in 1912, in discussion of the paper of Sharp and 
Farmer, suggested that the oscillograph might be used as a 
peak voltmeter. The development of the oscillograph for this 
purpose has been described by Middleton and Dawes.'^ In 
this method the length of the band of light drawn out by the 
oscillograph element measures the crest voltage. 

The purpose of the present paper is to describe connections 
whereby crest voltages can be read on an indicating instrument 
by a relatively simple apparatus. This method takes advantage 
of the properties of an electric valve in allowing current to 
pass in one direction and in stopping it in the other direction. 
If such a valve is placed in series with an electrostatic volt¬ 
meter, it is evident that the voltmeter must become charged 
to the maximum value of the waves and must retain that 



Fig. 4—Diagram of Connec¬ 
tions Used in Measuring Crest 
Voltage 


charge for a period of time de¬ 
pending upon the insulation of 
the voltmeter and the valve. The 
indications of the instrument 
will be independent of the fre¬ 
quency of the current and of 
the shape of the wave, except 
as to its crest value. While the 
mercury arc rectifier has mani¬ 
fest possibilities as 'a valve, the 
pure ionic discharge tube of 
Langmuir, to which the name 
^‘kenotron” has been given, is 
evidently the most • available 
form of apparatus. Langmuir 
has shown that in these tubes 
, of practically perfect vacuum, 
the discharge is absolutely uni¬ 
directional. The apparatus is 
of the simplest possible char¬ 
acter and, with proper use, en- 


vaw;rrr-hL&“batT/;;= tirely free from any promise of 

former; 5-switch short-circmtmg valve. quick deterioration. The Only 

complication is that the cathode must be heated by current, but 


this is provided for in a very simple manner. 

The electrical connections which have been used for this 
purpose are shown in Fig. 4. The upper half of the figure shows 
the filament of the kenotron excited by means of a oattery of 


4. A. 


I. E. B., 1914, Trans., Vol. XXXIII, part II, p. 1186. 
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a few cells. The lower connection shows it excited by alter¬ 
nating current taken from the same source as supplies the testing 
transformers and stepped down to the voltage of the filament 
The second connection is evidently the preferable one, but can¬ 
not be used where the high-tension transformer is supplied 
from an lnd^vid^al alternator with field control of the voltage 
supplied to the high-tension transformer. 

In the e.xperiments here described, the voltmeter uged was 
a pivoted one, directly indicating on a scale of volts and having 
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Pig. 6 Built-Up Waves Used in Testing Crest Voltmeter 


Crest Factor by 
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Wave calculation 
from wave form 

Wave meter and 
dynamometer 
voltmeter 

Crestj 

voltmeter 

^ 1.218 

B 1.431 
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of the aooarl? capaatanco in parahel, the leakage 

were no Cg»“ruTin'“"ofT “ T 

the iekait a ” eg “ *»« 

half4de tto I? If inTr""” ''4“’ “ 

least in the succeeding half-cycles. This 


1916] 


CREST VOLTMETERS 


105 


feature is important in the use of the instrument with a con¬ 
denser or high-resistance multiplier, inasmuch as it enables 
the valve with its voltmeter to be put in parallel with a section 
of a high capacitance or high resistance carrying the high- 
voltage current, and the result obtained is independent of the 
actual value of capacitance or resistance used in the multiplier, 
depending only upon the ratio of the impedance of the portion 
of the multiplier about which the voltmeter is looped, to the 
total impedance. The capacitance of the voltmeter itself is 
eliminated because of the fact that it is retained in the state 



Pig. 6—Shows the Proportionality of Galvanometer Deflections 

TO Crest Voltages 

Points a — 60-cycle sine wave; crest factor =1.41 
“ h — 60 " flat wave; " “ =1.30 

Point c — 25 “ peaked wave; " “ =1.56 

« d-— 25 “ sine wave; " “ =1.41 


of full charge, provided, of course, that the leakage is low. 
If the valve in series with the voltmeter is short-circuited, the 
voltmeter will read r.m.s. values; but these values will depend 
not only upon the above ratio but also upon the capacitance 
of the voltmeter as well. 

If the apparatus is used directly on a step-down voltage 
transformer or on voltmeter coils without multiplier, the ratio 
of the reading of the voltmeter with the valve in series to its 
reading with the valve short-circuited will give at once the crest 
factor of the wave. 



106 


SHARP AND DOYLE: 


[ Feb. 8 . 


An important advantage is that the pointer of the voltmeter 
does not return at once when the voltage is removed. For 
instance, if the dielectric under test is punctured and the volt¬ 
age drops, the reading of the voltmeter taken a moment after 
puncture has occurred will show the voltage which caused the 
puncture. Hence the voltmeter does not need to be watched 
so minutely during test as in the case when the indications 
follow directly any drop in the testing voltage. 

This arrangement has been tested in a number of different 
ways, but the most important ones are summed up in the curves 
of Fig. 5, together with the appended table. Wave form A 
was built up from a sine wave fundamental plus a third harmonic; 
wave form B represents the fundamental alone, and wave form 
C represents a peaked wave built up from the third and fifth 
harmonics. The crest factors of the various waves were cal¬ 
culated from the wave forms as traced by a wave meter and 
were determined also by using a wave meter as a crest volt¬ 
meter and an ordinary voltmeter to give the r.m.s. values. 
These figures may be compared with the crest values as given 
by the valve voltmeter in which r.m.s. value was obtained by 
short-circuiting the valve. It will be seen that the degree 
of agreement is a very satisfactory one, indicating that with 
these wide variations of crest factor, the crest voltmeter gave 
true indications. The frequency was 60 cycles per second. 

In a further series of tests the electrostatic voltmeter was 
replaced by a sensitive unipivot galvanometer in series with a 
resistance of one megohni, and in parallel with a condenser of 
one microfarad. The indications of the 'galvanometer were 
taken with frequencies of 25 and 60 cycles per second. In 
Fig. 6 is shown the relation between crest voltage as indicated 
by the electrostatic voltmeter plus the valve and the galva¬ 
nometer plus condenser and valve. It will be seen that the 
relation between the two is practically a constant one, inde¬ 
pendent of the frequency of the current, which indicates that 
a galvanometer if looped about a sufficient capacitance may be 
used instead of the electrostatic instrument. Inasmuch as 
the latter instrument has, in some respects, less desirable char¬ 
acteristics than a galvanometer, particularly in respect, to 
damping, the latter connection may be found in practise to 
be the more desirable one. The calibration of the latter ar¬ 
rangement, however, would be rather less direct than that of 
the former. 
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In conclusion it may be noted that the arrangement given 
offers possibilities in the matter of the study of surges. If it 
were connected through suitable transformers to a cable and 
a proper balance of valve capacity and capacitance were used, 
the apparatus might be adapted to trapping either a current 
or a voltage surge, and indicating the maximum value of the 
surge. With the capabilities of the arrangement for retaining 
its indication, it is probable the electrostatic voltmeter might 
be fitted to operate as an intermittent recorder, and so leave 
a record on a chart of the surges which have come in during a 
certain period of time or during the course of certain operations. 
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THE CREST VOLTMETER 


BY L. W. CHUBB 


Abstract of Paper 

The demand for testing dielectric media in terms of crest 
voltage has resulted in several schemes of measuring high volt¬ 
age. The paper mentions and compares some of the methods of 
high-voltage measurement and describes in more detail the crest 
voltmeter which has been found to be more satisfactory in com¬ 
mercial testing than the spark gaps which have been adopted, by 
the Institute in the Standardization Rules. The construction, 
operation, accuracy and applications of the crest voltmeter are 
briefly described. The present Standardization Rules for the 
measurement of high testing-voltages recornmend spark-gap 
methods which under certain conditions are impractical, incon¬ 
venient, and dangerous. The summary states that the spark 
gaps should be only a calibrating standard and a more practical 
instrument, such as described, the preferred working standard. 

W ITHIN the last few years the importance of making care¬ 
ful dielectric tests of insulation has been emphasized and 
several papers have been presented which deal with meters and ap¬ 
paratus for adjusting and reading the value of the ,testing voltage 
in high-voltage testing circuits. It is the l^urpose of this paper 
to describe a late modification of such a meter, to compare it 
with the sphere spark gap adopted as a standard by the In¬ 
stitute, and mention the relative merits of some of the common 
means o£ measuring high voltage in practical testing. 

At ordinary frequencies, breakdowm of dielectric media is 
dependent more upon the crest or maximum value than the 
r.m.s. value of the voltage wave, and for commercial testing 
it is desirable to have quick and accurate means of measuring 
voltage, which will give an indication proportional to the crest 
value of the testing wave under testing conditions. A meter for 
this purpose should preferably derive its voltage from the high- 
tension winding. It should be convenient, safe, direct read 
ing, independent of atmospheric conditions and cause no osci - 
latory disturbances which will damage apparatus under test. 

The needle and sphere spark gaps ^ are the crest voltmeters 
which have been adopted by the Institute as a working stan 
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ard. Careful calibrations of the spark gaps have shown that 
between certain limits and at commercial frequencies they give 
accurate indications of crest voltage when the necessary correc¬ 
tions for temperature, barometric pressure and humidity are 
made. 

The possible accuracy of the spark gap, however, is not 
sufficient justification for its use in commercial testing, for it 
meets none of the other important requirements. 

Other voltage measuring means, corrective schemes and types 
or modifications of crest voltage indicators have been described^ 
frorn time to time, some of which meet the requirements. 

Direct measurement of high-tension voltage with the elec¬ 
trostatic voltmeter and derivation of high-tension voltage from 
the primary voltage, from auxiliary ratio transformer, from ter¬ 
tiary coil placed in the transformer or from section taps on the 
secondary winding have been the most common methods used. 
Generally r.m.s. voltage is read, assuming the voltage wave 
to be sinusoidal. When testing apparatus of high capacitance 
and at high voltage, the ratio of transformation is affected and 
the wave is often so distorted that corrections for ratio and 
crest factor should be made. With some of these methods, and 
under certain favorable conditions with all of the methods, 
corrections can be made, but in the majority of cases such correc¬ 
tions are too laborious or too much in error to be worth while. 

In former papers schemes of correction for crest factor have 
been given. Some of these have since been combined with 
certain improvements into an instrument especially suited to 
d.ielectric testing, equally accurate and very much more prac¬ 
tical than the spark gap. 

The Crest Voltmeter 

Historical, In a paper^ on the calibration of the spark gap, 
an absolute method of measuring the crest of an alternating 
voltage wave was described. By means of a rotating contactor 
and d’arsonval galvanometer, or d-c. voltmeter, the charging 
current to a guarded air condenser was integrated and from it 
the peak values of a symme trical voltage calculated. In some 

1. Sharp and Farmer, Trans. A.I.E.E., Vol. XXXI, 1912, p. 1617. 

■ Chubb and Fortescue, Trans. A.I.E.E., Vol. XXXII, 1913, p. 7^ 

Whitehead, Trans. A.I.E.E., Vol. XXXII, 1913, p. 1737 . 

Whitehead and Gorton. Trans. A.I.E.E., Vol. XXXIII, 1914, p 9S1 

Middletonand Dawes, Trans. A.I.E.E.. Vol. XXXIII, 1914, p. 1185. 

2 . Chubb and Fortescue, Trans. A.I.E.E., Vol. XXXII, 1913, p, 739 
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Fig. 1—Crest Voltmeter 



Fig, 3 

jiy —Hot cathode valve mounted in self-connecting drawer. 
B—Hot cathode valve disconnected. 
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later work, Whitehead and Gorton substituted mercury aic 
rectifiers for the rotating contactor and the Moscicki type of 
condenser of measured capacitance for the air condenser of 
figured capacitance. The change from the mechanical rectiher 
was made to allow measurement at high frequency and to the 
glass condensers presumably for convenience. In the atest 
modification, described in this paper, the hot cathode tube is 
substituted for the mercury arc rectifier and the whole appara¬ 
tus arranged in compact form to make a practical measuring 
instrument for the testing department or laboratory. 

Construction. Fig. 1 shows one type of instrument mounted 
on a small panel to be placed near the control apparatus of the 
testing transformer. It consists of a permanent magne in 
strument (M) sensitive to low currents, two small hot cathode 



valves mounted in the drawers (PxD.), a frequency meter 2- 

an exciting switch (5), and on the back the 

resistors and two bell-ringing transformers for heating th 

cathode filaments of the valves. nr 

The high-tension condenser terminal of the transforme 
other separately mounted condenser is used in connection with 
the meter panel. When the transformer terminal is ^ 

insulated from ground and the crest voltmeter is _ connected 
between ground and the outside fiange of the terminah _ 

Fig. 2 shows the diagram of connections, in whic . 

testing transformer diagrammatically shown in ® ^ 

C is a condenser terminal used to bring out th ^ . -i 

lead (H); and ^2 are two rectifiers or valves shown in detai 

in Fig. 3 and having an anode of tungsten ormoly enumap- 
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a cathode of incandescent tungsten working ifi an atmosphere 
of mercury vapor, or one of the noble gases at low pressure. 
The filamentary cathodes are heated by the secondary current 
from two bell-ringing transformers, Bi and the primaries 
of which are connected to any suitable a-c. lighting circuit; 
dT is a permanent magnet indicating instrument connected in 
the anode lead to the valve Vi] S is three single-pole switches 
operated with a single handle and used to close the cathode 
heating circuits or short-circuit the instrument when not in 
use; S.G, is^ a safety gap between the leads to the meter to 
protect the insulation of the apparatus in case of interruption 
in the supply to the bell-ringing transformers when the switch 
is in the working position, or in case of an accidental open cir¬ 
cuit in the instrument wiring. The frequency meter shown in 
Fig. 1 is ^ not an essential part of the measuring apparatus but 
may be included to make a proportional correction when the 
frequency varies appreciably from normal. 

Operation. The condenser terminal or other condenser con¬ 
nected to the high-tension lead takes a charging current at all 
times proportional to the differential or rate of change of voltage 
across its terminals. At both the positive and negative maxima 
o the voltage waves this current is zerp and the time integral 
or area of the current wave between these zero values is a direct 
measure of the difference between the maximum and minimum 

account of the asymmetrical conduction of the 
cathode valves, the arrangement of circuits shown in Fig. 2 is 
such that the charging current in one direction passes through 

the heavy 

F T“.‘ ” **■' 

T passing through the meter, as shown by 

e eavy roken line. The light lines in the figure represent 

secondary exciting circuits for the cathode 

foUn? t .the mete't 

the appariusT? '' 

for ™es^, oince 

averac^e heiabt of tio . “ proportional to the 

abr^ f ^ ^ current, it is evident that the meter will 

give an indication proportional tn tioo +■ • ™y®r will 

pulsatino" current thrnnaio fv i xr integral of the 

j:, t^urrent through the valve Fi and thi<? will -u 

proportronal to the crest of the roltie wave 



1916] 


CHUBB: CREST VOLTMETER 


113 


Calibration. The instrument is calibrated in parallel with 
the standard spark gaps or another standardized crest volt¬ 
meter and usually the scale drawn so that it indicates ther.m.s. 
value of a sine wave having 
a crest value equal to tliat 
of the voltage wave to wliich 
it is connected. When thus 
calibrated it is the equivalent 
of the needle or sphere gap. 

Accuracy and Corrections. 

With the rotating contactor 
commutating at symmetrical 
zero points in the current 
wave, the indication of the 
instrument is theoretically 
correct with all wave shapes ^ 

containing only odd harmonic 

components at the fundamental frequency at which it was 
calibrated. On unsymmetrical voltage waves containing even 




Fig. 5 


harmonic components (which seldom, if ever, exist in testing 
work) the instrument will indicate the mean between the 
positive and negative crest values. 
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With the rectifier valves, any of the waves of Fig. 4 will give 
the same indication and the crest voltmeter will give a theo¬ 
retically correct reading. With waves having more than one 
maximum and one minimum per cycle there will be an error 
depending upon the depth and number o*f ripples in the wave. 
Fig. 5 shows in the dotted curve a voltage wave having a high- 
frequency ripple placed to give a large error in the meter indi¬ 
cation. This wave has seven maxima and seven minima per 
cycle. The irregular full line wave is the differential’ of the 
voltage and represents the condenser current. The time 
integral of the current wave between the zero points, A and 
corresponding to the positive and negative crest values of the 
voltage wave, is a measure of the crest value. This integral 
contains the positive areas ilT, iV, 0 and P and the negative 
areas T, U and V. Theoretically, all current, both positive 
and negative, between the points A and B should pass through 
the meter and no current between the points B and C should 
pass through the meter. Reverse currents cannot pass through 
the valves, so that the meter will integrate all positive current 
area and neglect all negative area. At first sight it is evident 
that this will cause an appreciable error. Table I shows that 
in this extreme case the error is 26 per cent. 

TABLE I 


Showing comparison between correct time integral of the current wave of Fig. 5 as ob¬ 
tained with the rotating rectifier and the result obtained with hot cathode rectifier. 


Area 

With rotating rectifier 

With hot cathode rectifier 


+ 



+ 


M 

0.40 



0.40 

■ • • • 

T 

• • • • 

0 

22 

« • • • 

• » « • 

N 

2.54 


* , 

2.54 


U 

• • • • 

0 

00 

« * • * 

• • • • 

0 

0.74 

* 

* . 

0.74 

• * 4 • 

V 

« • • • 

0 

25 

• • • « 

• • • « 

p 

0.44 


* * 

0.44 

t- 4 • 4 

Q 

« • « • 

« 


0.22 

« 4 * * 

R 

• • • • 

• 


0.00 

• * • ■ 

S 

• • • • 


* • • 

0.25 

• • • a 

Sum 

4.1-2 

0 

.47 

4.59 

0.00 

Net 

3.65 

« 


4.59 

a • a a 


Tooth ripples and resonant ripples, such as shown in the 
voltage wave of Fig. 5, are infrequent and can be entirely avoided, 
by the use of proper means in the transformer circuits. 
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In careful tests on steady circuits of different wave shapes 
the indications of the spark gap, corrected for atmospheric 
conditions, have shown agreement and duplication of points 
to within 0.15 per cent. Such tests seem to indicate that the 
capacitance of the condenser terminals used is independent of 
the wave shape. The capacitance is, however, a function of 
the voltage and increases 4 or 5 per cent between low voltage 
and 25 per cent over voltage. This variation of condenser 
capacitance with voltage, however, causes no error, as it is 
taken care of by the instrument calibration. 

The indications vary directly with frequency and proportional 
corrections can be made if the frequency varies from normal. 
If it is desirable to eliminate frequency corrections, a calibrated 
shunt resistance to the meter M is used and adjusted to the 
indication given by the frequency meter. This complication 
is not justified, however, as frequency variations are infrequent 
and the correction when necessary is very simple. 

Applications, The crest voltmeter has been found to fulfill 
all of the requirements of a practical instrument for dielectric 
testing, and for reading the crest value of pulsating and alter¬ 
nating voltage in the laboratory. Since its indications are a 
measure of the difference between maximum and minimum 
values of a periodic voltage wave, pulsating waves starting 
from zero can be read or unsymmetrical waves can be read if 
one of the crest values is known. 

Summary 

1. The crest voltmeter is a direct-reading instrument, read¬ 
ing either the r.m.s. value of a sine wave having the same crest 
as a high voltage wave to which it is connected, or the true 
crest value, depending upon its calibration. 

2. The indications of the instrument are independent of 
atmospheric conditions and require no corrections except a 
proportional correction for variations from normal frequency. 

3. The instrument is the equivalent of the sphere spark gap 
and derives its voltage from the high-tension circuit. 

4. The indications are theoretically correct for all distorted 
waves having not more than one maximum and one minimum 
value per cycle, and practically accurate for all other com¬ 
mercial wave shapes to be found. 

5. The instrument gives a continuous indication during the 
application and adjustment of voltage, instead of a lirniting 
indication similar to that of the spark gap. 
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6. No preliminary setting with load disconnected need be 
made, as the voltage may be read under testing conditions. 

7. The instrument is safe, convenient, and does not cause 
spark surges. 

8. Tests with the spark gap in accordance with sections 531 
and 532 of the Standardization Rules are impractical, inac¬ 
curate and destructive under certain conditions, while with the 
crest voltmeter all such tests can be practically and satisfactorily 
made. 

9. The standard spark gaps should be the primary standard 
for calibration only, in accordance with section 534 of the 
rules, and the crest voltmeter or its equivalent should be used 
as a secondary and working standard. 
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THE VOLTMETER COIL IN TESTING TRANSFORMERS 

BY A. B. HENDRICKS, JR. 

F or EXACT determination of the high-tension voltage in 
testing transformers, an auxiliary winding of few turns 
placed on the same core and connected to an accurate volt- 

meter has been used with success. 

This method was advocated and the construction explained 
some years ago,* but the idea seems to be generally misunder¬ 
stood, the accuracy of the result obtained being often questioned. 

For precise results at all loads and power factors, it is neces¬ 
sary and sufficient that the ratio of the flux linkages of the 
voltmeter coil and the high voltage winding be a constant. 

The flux here considered is the resultant flux linked with 
the high voltage winding, or the main flux plus or minus the 

leakage flux combined vectorially. 

With the coil so placed, the IR drop is the only sensible error. 
This is usually small, and owing to the vector relationship 
under ordinary loads is practically negligible. 

It is not advisable to compensate for this by the position of 
the voltmeter coil, as the correction would be exact for one value 

of load and power factor only. 

The impedance of the voltmeter coil itself may be neglected. 
The accuracy of the method depends entirely on the design 
of the transformer and the location of the voltmeter coil, and 
can be made almost perfect. 

Ordinarily, a dynamometer type of voltmeter is used, in¬ 
dicating effective values. If the maximum value is desired, 
a sine wave of potential must be employed or, the maximum 
determined by other means, such as an oscillograph. 

It is suggested that much difficulty may be eliminated by 
the use of a true sine wave generator, and the avoidance of 
regulating devices and transformer characteristics liable to 

distort the wave. ____ 

*High-Tension Testing of Insulating Materials, A. B. Hendricks, Jr., 
Trans. A. I. E. E. Vol. XXX, 1911, p. 167. 
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NOTES ON THE MEASUREMENT OF HIGH VOLTAGE 


by william r. work 


Abstract of Paper 

A hript account is given of some experiments made to deter- 
mite tht relative accuracy of certain methods used ,m measur- 

'”^The®mJthoS®comprise the use of a tertiary (or voltmeter) 

coil in the high-tension transformer, the thl 

voltage by a crest voltage meter_ and the derivation ol 

high-tension pressure from the primary voltage. 


IN MOST commercial and experimental tests employing 
1 high voltage a knowledge of the crest or peak value o 
the, voltage is of the first importance. Often this crest value 
may be determined quite satisfactorily 'by a gap method. In 
other cases (dielectric tests on cables, etc.,) the use of a spark- 
gap is not desirable because the discharge of the gap may set 
up oscillations which will over-stress the dielectric thereby 
permanently injuring or even puncturing it.‘ There are o er 
well known disadvantages attendant on the use of a spark-gap 
as a voltmeter. Several methods for the measurement of hig 
voltages which are free from the objections peculiar to the 

Spark gap have been used. ^ 

This paper is an account of some tests which were made wi 

the view of comparing these methods among themselves and 
with a spark gap. 


Experimental Apparatus 

The generator used is a 60-kv-a., 250-volt, eight-j^le, 60 
cycle, three-phase alternator with both ends of each phase 
winding brought out to the terminal board. In these tests 
the excitation was kept substantially constant at norrna vaue 
and three schemes of connection were used giving three dif¬ 
ferent classes of voltage waves. These schemes will e esig 
nated Supply A, Supply B and Supply C respectively. _ 

1. Voltage Testing of Cables, Middleton and Dawes,T rans. A.I.E.E., 
Vol. XXXIII, 1914, p. 1185. 


119 



120 


WORK: HIGH VOLTAGE MEASUREMENT [Feb. 8 


Supply A. Windings connected in Y. Wave shape ap¬ 
proximating a sine form. See Fig. 1. 

Supply B. One-phase winding alone. Prominent third 
harmonic with other harmonics giving a flat-topped wave. 
See Fig. 1. 

Supply C. Tw^o windings connected in V. Same funda¬ 
mental as Supply B but the third and ninth harmonics are 
doubled in value and the wave has a prominent hollow at the 
quarter-cycle point. See Fig. 2. 

The transformer has a capacity of 100 kv-a. at 200,000 volts, 
60 cycles. One end of the high-tension winding was grounded. 
The primary winding consists of four separate 480-volt coils 
arranged to be connected in parallel, in series-parallel or in 
series. The reactance drop is about 4.5 per cent, the resistance 



drop about 0.6 per cent. Due to the capacitance of the high- 
tension winding the no-load power factor of the transformer is 
high, varying from about 99 per cent to about 96 per cent, 
over the range of voltage used in these tests. The transformer 
had been equipped with a tertiary, or voltmeter, coil intended 
to serve as a means of determining the secondary voltage. 
This coil has taps brought out at 25 per cent and at 50 per 
cent of the winding. The accuracy with which the secondary 
voltage could be determined by the use of this coil was one 
of the things investigated. 

Control of the voltage was obtained by a 50-kv-a., 60-cycle 
induction regulator with which the pressure applied to the 
transformer primary could be varied from zero to twice the 
generator voltage in a satisfactory manner. 






PLATE II. 

A. I. E. E. 
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Fig. 1—No-Load Wave Forms 
OF Supplies A and B 


IWORKJ 

- piG . 2—No-Load Wave Forms of 
Supplies B and .C 



Fig 


3—Transformer, Sphere Gap and Crest Voltage Meter 
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Voltmeters of the electrodynamometer type were used, all 
being checked against the same precision voltmeter. The 
larger secondary currents were measured by a hot-wire ammeter; 
smaller currents, by voltmeters used as ammeters. 

For the tests with condensive load, sixty i-mf., 2000-volt 
condensers were available. These were used in two different 
combinations, viz., all in series, and thirty in series, two in 
parallel. 

The actual secondary voltage was determined by a standard 
250-mm. sphere gap. The relation between the length of gap 
and voltage and the correction for air density as specified in 
the Standardization Rules of the Institute were used. Inci¬ 
dentally, the air density correction factor, k, for 250-mm. 
spheres, corresponding to a barometric pressure of h mm. and 
an air temperature of t deg. cent., can be expressed as a function 
of h and t thus:^ 



0.366 h 
273 + t 


+ 0.066 


In most of the tests the gap was set at a certain length and 
the voltage slowly raised until spark-over occurred; in some 
cases, however, the gap was shortened slowly with the voltage 
constant. There was little difference in the results obtained 
by the two methods of manipulation although the first method 
gave slightly more consistent results and was therefore preferred. 
In using the gap a set of observations was considered good only 
when the voltmeter (on the tertiary coil) indicated stable con¬ 
ditions at the moment of breakdown. Each point is the 
mean of five to seven trials. 

Determination op Crest Factors 

Polar oscillograms of the voltages and currents were taken 
and the first six odd harmonic components of the waves were 
determined by a mechanical analyzer.^ The crest values were 
then obtained by calculating the ordinates of the waves at a 
few degrees on either side of the angle at which an inspection 
of the oscillogram indicated the peak. The crest values thus 
determined from the harmonic components were checked by 
direct measurement of the amplitudes on the oscillograms. 

2. Derived from Peek’s eq. (4), p. 931, Trans. A.I.E.E., Vol. XXXIII, 
1914. 

3. Electric Journal, Feb. 1914, May, 1914. 
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TABLE I—SECONDARY VOLTAGE DERIVED FROM TERTIARY VOLTAGE 


(Secondary pressure derived from the observed tertiary voltage and expressed as the 
r. m. s. value of the sine wave of equal peak.) 

Ratio of secondary turns to tertiary turns = 1000 : 1 


Test .. 

1 

2 

3 

4 

5 

6 

7 

8 

Supply. . ! .. 

A 

A 

A 

A 

B 

B 

C 

C 

Secondary current (amp.).. .. 

0.024 

0.035 

0.114 

0.342 

0.031 

0.110 

0.0306 

0.323 

Tertiary r. m. s. volts X 









1000 = £ 3 ... . 

Crest factor of tertiary volt- 

99,300 

95,400 

68,900 

59,000 

86,000 

63,300 

56,100 

48,600 

age V 2 = £3 . .. 

R. m. s. value of sine of equal 

1.026 

1.024 

1.011 

0.968 

1.127 

1.067 

1.017 

1.212 

peak of ter. volts X 1000 









= £3 £3 . 

101900 

97,700 

69,700 

57,100 

96.900 

67,500 

57,100 

58,900 

Secondary volts by gap. R. 
m. s. value of sine of equal 









peak = Ez . 

103700 

96,900 

69,300 

57,600 

96,600 

67,400 

57,900 

57,600 

Per cent error by (a) r. m.s. 









ter. volts alone. .. 

—4 2 

— '15 

_0 6 

+2.4 

11 n 



_1 1 ; A 






U . X 

0. X 


(6) ter. volts corrected for 









crest factor ... 

— 1 7 

+ 0.8 

+ 0.6 

_,A Q 

4- n ^ 

+ 0.2 

— 1.4 

+ 2.3 





Figures. 

5 

6 

7 

8 . 13 

9 

10 

11, 14 

12, 15 


An inspection of the above data shows that the tertiary 
voltage corrected for crest factor is a satisfactory measure of the 
actual secondary voltage as determined by a sphere gap. 

Obviously the r.m.s. value of the tertiary voltage should 
not be used alone as a measure of the secondary voltage, when 
the latter is defined in terms of the crest value, unless some¬ 
thing is known about the crest factor. The wave shape of the 
secondary voltage depends upon so many factors of complex 
relationship that it is practically impossible to predict how 
the crest factor will be changed by a given change in the con¬ 
ditions of load or supply. The condensive character of the 
usual load in comjjination with one or more of the several in¬ 
ductances of the system may result in the amplification of one 
of the higher harmonics through partial, if not full, resonance, 
or it may result in suppression of the higher harmonics. Mag¬ 
netic saturation in the generator, control apparatus and the 
transformer plays an important part in wave distortion, while 
corona, by changing the value and phase of the current, may 
contribute to the effect through generator reactions. 

In this connection it is interesting to study the oscillograms 
and the crest factors of the voltage waves. In tests 1 to 4 
(Figs. 5 to 8) the generator was connected to give a ''good'’ 
e.m.f. wave (Supply M). As the load was increased the ter¬ 
tiary voltage wave shape changed from a peaked form to a 
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Fig. 5— Test No. 1 

Crest factor of primary voltage 
Crest factor of tertiary voltage 


Fig. 6— Test No. 2 

Crest factor of primary voltage = 
Crest factor of tertiary voltage - 


=1.421 

=1.451 


1.434 
1.448 



[work] 


Fig. 7— Test No. 3 

Crest factor of primary voltage = 1.424 
Crest factor of tertiary voltage 1.4oU 



Fig. 8—Test No. 4. 

est factor of primary voltage 
est factor of tertiary voltage 

factor of integral of load, current 


1.414 
1.369 
1.373 
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Fig. 9—Test No. 5 

Crest factor of primary voltage 
Crest factor of tertiary voltage 


[work] 

1.581 

1.593 


[work] 

Fig. 10 —Test No. 6 

Crest factor of primary voltage = 1.474 
Crest factor of tertiary voltage = 1.609 



Fig. 11—Test No. 7 

rest factor of primary voltage 
rest factor of tertiary voltage 
rest .actor of integral of load current 


[work] 


= 1.399 
= 1.438 
= 1.528 



Fig. 12— Test No. 8' ' 

Crest factor of primary voltage =14 

Crest factor of tertiary voltage =17 

Crest factor of integi-al of load current =1.6 
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flat-topped form, the crest factor varying apparently as a linear 
function of the secondary current. In tests 5 and 6 (Figs. 9 
and 10) Supply B was used. The chief impurity in these 
tertiary wave shapes is the third harmonic. This component 
was 19.2 per cent of the fundamental with the lighter load but 
only 6.5 per cent with the heavier load, the resulting change in 
the crest factor being from 1.593 to 1.509. The addition of 
load here reduced the crest factor. Figs. 11 and 12 (tests 7 
and 8) are especially interesting in that they show great chanps 
in wave shape and crest factor produced by simply changing 
the load. The chief impurity in the tertiary wave shape is 
again the third harmonic. Here an increase in the load lowered 
this component in value from 36 per cent to 24 per cent, and, 
what is of more importance, practically reversed its phase, 
resulting in a change in the crest factor from 1.438 to 1.714. 



The addition of load in this case therefore increased the crest 
factor. 

There is some evidence that the tertiary voltage wave form 
is more likely to resemble the secondary voltage wave form 
than the wave form of the primary voltage. No attempt was 
made to determine the high-tension wave form diiectly, but^ in 
three of the tests this wave shape was derived by integrating 
the current through the condensive load expressed as ^ har¬ 
monic series. Dividing this integral by the capacitance of the 
load gave the harmonic series representing the secondary 
terminal voltage. Figs. 13, 14 and 15 compare the several 
voltage waves as mechanically synthesized from their respective 
harmonic series. The scale of these figures is so chosen that 
aU the waves have the same r.m.s. value. The secondary wave 
shape determined in this manner is not strictly correct, on 
account of some corona current which was present. By mte- 


\ 
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grating the whole load current and thus ignoring the in-phase 
component due to corona the resulting wave is made to appear 
to the right of the true curve; and, further, since the shift of 
the fundamental is proportionately greater than for the higher 
harmonics, the shape of the wave is affected. This error is 
especially noticed in Fig. 14, where the capacitance of the load 
was the smallest and the corona current therefore largest as 
compared to the condenser current. Fig, 15 shows a marked 
difference between the primary voltage wave and the secondary 
voltage wave obtained by integration, but the latter wave is 
in fair agreement with the wave of tertiary voltage. 

These tests, few as they are, show the necessity for a knowl¬ 
edge of the crest factor under the particular conditions of the 




Fig. 14 


Fig. 15 


test in order to use the voltage of a tertiary coil as an accurate 
measure of the secondary voltage. 

Secondary Voltage Measured by Crest Voltmeter 

Crest voltmeters having indications dependent upon the 
average value of the charging current taken by a condenser 
and thereby measuring the peak value of the voltage across 
^ e condenser have been used in experimental testing.^ In 

conations prevadmg rn ordinary high-tension testing, a meter 

.n aS “sh-tension press,.re 
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For clearness the observations are here exhibited in a sepa¬ 
rate table. 


TABLE II_SECONDARY PRESSURE MEASURED BY CREST VOLTMETER 

AND EXPRESSED AS THE R.M.S. VALUE OF THE SINE WAVE 

nw TT.nTTAT, PEAR 




Crest 

Test 

Supply 

voltmeter 



reading 

2 

A 

96,600 

3 

A 

69,600 

4 

A 

57,500 

5 

B 

96,400 

6 

B 

68,300 

7 

C 

82,700 

8 

C 

56,900 


Sec. volts 
by gap 
r. m. s. 

Sec. volts 
by integ. 
load cur. 

Error of crest 
voltmeter 
per cent 

96,900 


-0.3 

69,300 


+ 0.4 

57.600 

57,400 

-0.2 

96,600 


-0.2 

67,400 


-j- 1 * s 

57.900 


-f" 42.8 

57,600 

57,100 

- 1.2 


The measurement of high voltages by this method has sub¬ 
stantially the simplicity of the ordinary methods for low voltage, 
with a precision apparently limited only by the dif&culties of 
original calibration, save in one respect. Meters of this type, 
employing rectifying bulbs, are inherently incapable of giving 
indications proportional to the highest peak of a voltage wave 
which has several peaks in a half-cycle. ^ With waves of this 
kind the current through the condenser will have both positive 
and negative lobes in a half-cycle. Now the crest value of the 
voltage is proportional to the maximum quantity of electricity 
in the condenser, and this quantity is proportional to the net 
area of the current-time curve for one half-cycle, negative lobes 
counting as negative areas. The permanent magnet type in¬ 
strument in series with a rectifying bulb indicates the average 
positive current throughout a whole cycle and thus measures 
the sum of the areas of all the positive lobes of the current¬ 
time curve in a whole cycle, failing to subtract the areas of the 
negative lobes when these are present in the first half-cycle 
and adding the areas of the same lobes when they appear on 
the positive side in the second half-cycle. The error is there¬ 
fore a double one, both elements causing the meter to measure 
a current greater than the true average current and therefore 
to indicate a voltage greater than the true high-tension voltage. 
Test 7 (Fig. 11) shows a case in which an extreme effect of this 
kind was purposely obtained by resorting to the use of Supply C. 
Distortions of this degree are difficult to produce and are not 
likely to occur in practise. 
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An error of another kind will be introduced in the measure¬ 
ment unless the frequency of the e.m.f. being measured is the 
same as the frequency employed in the original calibration of 
the meter. Since with a constant e.m.f. the meter reading will 
vary directly as the frequency, the proper correction can be 
easily applied. 

TABLE III SECONDARY VOLTAGE DERIVED PROM PRIMARY VOLTAGE 

(The secondary pressure expressed as the r. m. s. value of the sine wave of equal peak is 
assumed equal to r. m. s. value of primary pressure multiplied by the ratio of its crest 
factor to ^ 2 and by the ratio of turns.) 


Test. 

1 

2 

3 

4 

5 

6 

7 

8 

Supply.. 

A 

A 

A 

A 

B 

B 

C 

C 

Sec. currents (amps.'. 

0.024 

0.035 

0.114 

0.342 

0.031 

o'. 110 

0.0306 

0.323 

Primary r. m. s. volts = Ei... 

238.4 

228.5 

160.0 

247.9 

205.4 

146.6 

265.7 

198.5 

Pri. voltage crest factor V2 
= Fi.. 

1.005 

1.014 

1.007 

1.000 

1.118 

1.042 

0.989 

1.016 

Ratio of turns — K . 

417 

417 

417 

208 

417 

417 

208 

208 

Calculated sec. volts ~ Ri F i 
K . 

99,900 

96,600 

68.700 

51,700 

95,700 

63,700 

54,700 

42,000 

Sec. volts by gap, r. m. s.’ 

103700 

96.900 

69,300 

57,600 

96,600 

67,400 

57,900 

57,600 

Per cent error. 

Figures. 

— 3.7 
5 

— 0.3 
6 

—0.9 

7 

— 10.2 
8. 13 

— 0.9 
9 

— 5.5 
10 

— 5.5 
11. 14 

—27.1 
12. 15 


As would be expected, the primary voltage, even when cor¬ 
rected for crest factor, is not, in general, a satisfactory measure 
of the secondary voltage, largely because the wave form of 
the primary voltage may or may not resemble the wave form 
of the secondary voltage under given circuit conditions, the 
difference being especially noticeable in Pig. 15. Of course the 
use of the simple ratio of turns is responsible for part of the 
error, because the internal resistance and reactance drops in 
the transformer are thereby neglected. 

Conclusions 

For the conditions of test and with the apparatus used, the 
following conclusions may be drawn: 

It is possible to wind in a high-tension transformer a tertiary 
(or voltmeter) coil in such a manner that the voltage induced 
in this tertiary coil, when corrected for crest factor, is a satis¬ 
factory measure of the secondary terminal pressure. 

A crest voltmeter provides a convenient and, in general, an 
accurate means for measuring high voltages, though errors can 
e introduced by the use of extremely distorted voltage waves, 
e primary voltage, even when corrected for crest factor, 
IS an uncertain measure of the secondary voltage because the 
respective wave forms may differ. 
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Discussion on “ Crest Voltmeters ” (Sharp and Doyle) 
“The Crest Voltmeter (Chubb), The Voltmeter 
Coil in Testing Transformers ” (Hendricks), Notes 
ON THE Measurement of High Voltage (Work), New 

York, Feb. 8, 191@. 

E. E. F. Creighton; The question of the measurement of high 
frequency is always important, and always will 
until all the problems relative to the protection of apparatus are 
solved. Dr. Sharp’s statement that the kenotron might be used 
for the measurement of high frequency is of the ,, 

ance. The dielectric spark lag of a perfect vacuum is practic^ly 
infinite, because there are no ions present. ^ 

vacuum of something like fifteen millimeters i^ the usud gases 
the dielectric spark lag decreases to about the low value a 

“KTouSV/rf Sierest to know in these '“f “f fr'; 

auencies were used in the kenotron. I had a feeling that ohere 

was not sufficient ionization in the tube to 

spark lag to a value which might give °Vbe 

voltage. If the dielectric spark lag is not ^eat or 

care of at high enough ionization with the filament, tner 

riuf, alVer instrument for 

in transmission lines. These waves are very difficult to get at. 

At the present time we have to depend upo jifPpi-pnt 

sphere gaps connected in parallel, each one sc lonoOvnlt 
voltac^e. For example, in the measurement of a 13,000-vo 

circuit we naturally begin with the sphere gap se on ou _ 
potential, and go on from that to 2.5, 3, 3fi, ®tc_ In sen 
^th each one of these sphere gaps is plfed a 
usually operating on the principle o the Bran y coherer^^^ 
however, the kenotron can be used for these high frequenaes 
and high potentials, it will give a simpler method of measunng 

and recording these transitory voltages. , r,, 

F W Peek, Tr.: I have used one or the other ot these meinoow 

in lieasuring high voltages at the ordinary frequencies of power 
transmission, high-voltage direct current, transient voltages^ 
the duration in some cases, of a few rniUionths of ^ 
continuous high-frequency voltages. The voltage r g 
measurements was from zero to almost a million i 

review the various methods and state their possibilities and 

limitations as I have found them in my u:„h 

For the purpose of discussion the rnethods of ^ g _ 

. voltages may be divided into three classes, (1) the spark gp, 
(2) the crest voltmeter consisting of a condenser 
ffi combination with frequency meters, ammeters or static volt^ 
, meters connected directly to the bigh-voltage line (3) the volt 
meter coil, on the high-voltage side of the transformer, 
combination with a low-voltage crest voltmeter. 
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‘discussing (1), the spark gap, it is only necessary to consider 
e sp ere. i'his form of gap there is no humidity correc- 

taon to make. The correction for air density is readily made, 
ihe sphere gap will measure correctly the crest voltage of the 
most distorted wave; it will measure correctly, direct current 
igh frequency over a considerable range, and impulse and 
transient voltages of a few micro-seconds duration.! In manv 
ig -vo tage measui ements the sphere gap is very desirable in 
fact, necessary, to detect oscillations. It is invaluable in the 

'T “vestigating transient voltages. The disadvan¬ 
tage of the sphere gap is that it must be set. 

to (2), two forms of crest voltmeters connfected directly 

‘de®cnbed. In the method described by 
voltage is applied to a condenser by 
means of a rectifier. _ The current and frequency are read. Good 

l^^rrors ; p *.c tli * * i * shape is not much distorted. 

ors wi 1 result if there is insulation or corona loss in the con¬ 
denser as this loss current will be read on the meter If the volt- 

oftbh, where a wave 

tl^ type Pig. 14 causes an error of over 40 per cent This is a 

Se?mXarcT '"i"" no attempriad 

SWn and nnvWb described by Messrs, 

condense^^ T^hh® voltage wave is applied to a 

of?i wah charged up to the maximum 

I have uTed ^ voltmeter. 

100 W Air A®u ^ke line for voltages of over 

ods r nnd Tf '^®u ^® practicable of these two meth- 

°Sd ani ’?® if fke insulation is very 

Sccis tl irh i'ish capacity. Tf leakage 

vol?aves^ihrlon? i"® Thus, for high 

oltages, the condensers become excessively large More imll 

BotToVtSSfclr 'T Tlowfolta"; 

mA hi iyse methods have extensive use in the laboratory and 

fro^a SiA’ of taps brought out 

genASlvIt ihrne ®f fi"® transformer, 

fem I hfvffor Si. P°f * y^ere the voltage above ground is 

S'tesrSfh ““do idledsT 

fonSr is armaririiS! *>’*“ ‘I-* 

properly designed, and the coil pronerlv nlaced th^ 

^ih tLAoltSeTd the coil check ^Irycbsely 

involves practically 

read ^tandard voltmeter, the mSimu m 

TiiA!;rftAv:Tx™. 
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fow-voltage crest voltmeter. This crest voltmeter may be of 
the type described by Messrs. Sharp and Doyle and need not be 
large and expensive as in the case of the high-voltage types. 
An oscillogram of the voltage wave may be taken at any time. 
The voltmeter coil with crest voltmeter seems to be decidedly 
the best and most convenient method of measuring high voltages 
in practical testing where continuous readings are desired. This 
should always be supplemented by a sphere gap set slightly 
above the applied voltage to detect oscillations, etc. 

The methods of meastaring high voltages may be summarized 
as follows: 

(1) The sphere gap will measure correctly practically any form 
of voltage. It is the only method, at present, of measuring 
certain high-frequency and transient voltages. It is invaluable 
in the laboratory and in much commercial work, especially where 
transients are likely to occur. 

Its disadvantage is that it does not read continuously. This is 
not always a disadvantage as the transformer may be calibrated. 

(2) The various crest voltmeters consisting of condensers, 
rectifiers, voltmeters, ammeters, and frequency meters, connected 
directly to the high side of the line are useful over a limited range 
in practical work, but become troublesome, liable to error, and 
expeiivsive at high voltage. They are not always accurate with 
distorted waves. 

(3) The voltmeter coil in connection with a low-voltage cmst 
voltmeter involves practically no extra space or expense and gives 
good results. The voltmeter coil with crest voltmeter and 
supplemented by a spliere gap to detect 'oscillations offers the 
best arrangement for general commercial testing. 

F. M. Farmer: The problem of measuring high voltages 
usually involves two things, the mean effective value and the 
maximum value. 

The first method used for measuring high voltages employs the 
low-tension voltage and the ratio of transformation. This 
method is deficient, in that we do not know anything about the 
ratio under varying load conditions nor have we any knowledge 
of the crest factor. 

The next scheme developed was the use of electrostatic volt¬ 
meters on the high-voltage circuit. That gets lid of the ratio 
difficulties and gives us a mean effective value, but the scheme 
has voltage limitations because of construction difficulties |^at 
very high voltage and also because stray electrostatic field 
troubles become serious. Furthermore it does not give the crest 
voltage. 

The test coil seems to be the proper thing for measuring mean 
effective values on the high-voltage side, but there again, some 
investigation is necessa.ry to be sure of the ratio of thedest-cofi 
voltage to the total voltage under various load conditions and 
various dispositions of the sections of the secondary winding. 
Of Surse, il our very high-voltage testing, it is not customary to 
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divide the high-tension winding, but in the ordinary testing 
transformer for routine testing at moderate voltages, the second¬ 
ary winding is split up into two, four, or even eight sections, so as 
to be able to get the maximum kilovolt-ampere capacity of the 
transformer at all voltages. 

The best arrangement, therefore, seems to be the use of a test 
coil in the high-tension winding of the transformer. An ordinary 
voltmeter gives the mean effective value and a crest voltmeter 
gives us the maximum value. 

There is one question I would like to ask. Mr. Chubb. Is 
there any variation in the capacitance of the condenser bushing? 
At the very high voltages is it possible that that capacity will 
change and thus introduce an error. In other words, does the 
capacity remain constant at all voltages? 

Frederick Bedell: One feature of the crest voltmeters de¬ 
scribed in these papers is that it is possible by means of them to 
obtain an instrument reading of crest voltage without the use of a 
synchronous contactor. Another method for obtaining such 
readings without the use of any synchronous device is the method 
described^ by Professor Ryan in which an impulse transformer 
is employed, in place of a synchronous contactor, in conjunction 
with the Duncan method for obtaining a-c. wave form. The 
impulse-transformer method makes unnecessary the synchronous 
contactor, but it does require the locating of the maximum 
reading by trial, so that readings of crest voltage are not made 
directly as by the crest voltmeters we have just heard described . 

Comfort A. Adams: I agree thoroughly with Mr. Hendricks 
that it is unnecessary to go to great lengths in the measurement 
of peak voltage, provided you have a suitable alternator and 
transformer and can depend upon the voltage wave shape impres¬ 
sed upon the transformer, in which case an ordinary voltmeter 
connected to a suitably placed voltmeter coil in the transformer, 
will give fairly accurate results. Moreover, such an equip¬ 
ment is desirable not only because it facilitates voltage measure¬ 
ment,^ but also because harmonics in the e. m. f. wave are 
undesirable^ on at least two other accounts. They produce 
undue heating of the dielectric in some cases, and also tend to 
encourage transients of still higher frequencies. 

We have much to learn on this subject of insulation,and cable 
testing. In high-voltage testing very high-frequency transients 
of excess voltage do occur, of this there is ample evidence, and 
until they are under control or brought within the realm of 
measurement, ^it behooves us to go slowly. As yet the spark gap 
in some form is the only simple detector of transients, but even 
if it could be conveniently arranged for measurement rather 
than for detection, it would still be dangerous because of its 
habit of producing the very kind of a disturbance it is employed 

Some materials withstand abnormal transients 
without rupture, provided they are not re peated too often, while 

2. Transactions, Vol. XVI, p. 345, 1899. ~ 
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more fluid materials will fail and heal up many times before 
final rupture. 

W. I. Middleton: It is very apparent from the papers that 
have been presented here today that the importance of a knowl¬ 
edge of the maximum voltage in connection with high-voltage 
testing is being appreciated more and more. It is not so much 
a question of whether the wave is distorted or not, but as to 
how much, and until generators giving a sine wave ^under a 
testing load are more commonly used than at present, it should 
be the desire of all interested to develop an instrument or instru¬ 
ments, that will give a direct reading in volts of the pressure at 
the peak, or crest, of the voltage wave. 

In the early part of 1900 all of our investigations in high-volt¬ 
age testing were done with the spark gap, and by its constant 
use under every condition of test that would arise, we were con¬ 
vinced that it was impossible to tell accurately what was the 
maximum voltage being applied to a cable under test. 

In the latter part of 1911, while investigating the variations 
in the voltage waves of our testing set with an oscillograph, Mr. 
Dawes and I decided that as it was the peak of the wave we were 
interested in rather than its shape, an instrument much simpler 
than the oscillograph could be made, and in April, 1912, a working 
model of our instrument was being used in our factory. ^ 

The authors show some badly distorted waves obtained under 
testing conditions: We have experienced considerable difficulty 
from just such waves. 

Fig. 1 shows a voltage wave obtained from a single-phase 
generator when it was supplying power to a step-up transformer, 
to the secondary of which was connected a cable undergoing test. 
The voltage wave is not unlike some of those shown in the papers. 
The current wave crosses the zero axis three times in a half cycle; 
its third harmonic has a greater amplitude than its fundamental. 
We have found the peak voltmeter very useful in checking such 
waves. 

The instrument v/hich we are using is based on the oscillograph 
principle, and therefore takes a very appreciable current, so we 
cannot use a condenser train as a multiplier without going to 
considerable trouble and expense. Therefore, we are obliged to 
use an instrument transformer to step down the voltage.^ 

There has been raised some question regarding wave distortion 
taking place through a potential transformer. We have checked 
peak factors at various times with our peak voltmeter, but have 
never been able to detect any difference between those on the 
primary of the step-up transformer and those at the secondary 
of the potential transformer. As further, evidence, we have 
taken oscillograms of such waves. 

In Fig. 2, the wave marked C E is the voltage wave of a special 
sine-wave alternator. As we have never been able to apply a 
load that would produce any appreciable change in the shape of 
this wave, we introduced an air-core choke-coil into the line in 
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series with the primary of the step-up transformer. Due to the 
non-sinusoidal drop through this choke-coil; the voltage at the 
transformer terminals had the form shown by the Wave Ti. 
The wave T< 2 . was taken simultaneously on the secondary of the 
potential transformer. The oscillograph vibrators were con¬ 
nected so that both waves were on the same side of the zero axis, 
and the multipliers were so adjusted that each voltage wave had 
the same amplitude. It will be seen that there is no appreciable 
dhference in the shape of the two waves. There is, of course, 
a slight shifting of phase through the two transformers. Any 
variation of the voltage wave form is due to the fact that the 
current produces IR and IX drops in the transformer windings, 
which differ considerably in wave form from that of the applied 
potential vraye. Also these waves were taken at only 13,000 
volts. I realize that, at the higher voltages, distortion may occur 
due to capacity effects in the transformer windings. 

If Dr. Sharp has developed an instrument that will trap and 
hoM transient voltage peaks so that their value may be deter¬ 
mined, I am sure that it will be found very useful in connection 
with high-voltage testing, especially in cable testing, where there 
is a large amount of capacity in the circuit. We have evidence 
that surges occur very frequently when the cable is long and the 
voltage is high. I am certain that many cables have punctured 
at voltages much higher than have been shown on the indicating 
instruments, due to surges occurring in the circuit. The pres¬ 
ence of these transient peaks may be wholly unknown to the 

^rson making the test, unless he has some such instrument as 
Dr. Sharp describes. 


^ J. R, Craighead: I made a few experiments and got some data 
in connection with the use of the kenotron with the electrostatic 
voltmeter on high-tension circuits at 60 cycles. In order to get 
the matter down to a point where a comparison could be made 
with the oscillograph with series resistance, voltages were used, 
not of the order being talked about this afternoon, but with the 
n^ximum limited to 7000 volts. The oscillograph was used 
photographically each time, and measurements made as carefully 
as possibleyn order to determine the correspondence between the 
electrostatic and the oscillograph. The electrostatic itself was 
calibrated on a sine wave after each successive trial, in order to 
be sure that the instrument itself did not change. Three waves 
were used, the crest factors varying from 1.405, which was prac- 
ically a sine wave, up to 1.56. One of the three waves, the one 
w ose crest factor was 1.56 had three peaks between each pair 
ot 2 eros, although two of the peaks were very small. 

-which I have made a tabulation, show that the 
maximum difference within six successive trials taken of the 

wir?, W^n voltmeter and the oscillograph, 

i—’oi r, ’ A 1 psr cent. The maximum difference on any 
JandlrH 1;2 per cent, which was practically as close as a 

standard electrostatic voltmeter of 10,000 volts could be used 
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at that point. All of the trials came within considerably less 
than 1.2 per cent, which represented the outside of the six." 

In respect to the rectifier that was used, there is a characteristic 
of most rectifiers that causes them to have a rather definite 
voltage drop which is not altogether dependent on the current 
nor proportional to the current. In order to show as much of 
this drop as possible a kenotron was used which was capable of 
standing about 70,000 volts maximum, at about 10 per cent of 
the voltage it was expected to stand. 

In respect to the capacity which was necessary in order to 
keep the voltmeter at a correct maximum reading, a very much 
smaller value than Dr. Sharp has suggested was found quite 
satisfactory. For the most part, these tests were made with 
0.002 of a microfarad in multiple with the voltmeter itself. 

The table to which I refer is as follows: 


No. 

of 

test 

Average 

ci-est 

factor 

Average of maximum 
readings 

Per cent variation of electrostatic volt¬ 
meter with Kenotron from oscillograph 

Oscillograph 1 
through ' 
resistance 

EL volt¬ 
meter with 
kenotron 

Maximum 

positive 

Maximum 

negative 

Average 

1-2 

1.405 

7180 

7175 

•f 0.7 

- 1.0 

- 0.2 

3-4 

1.485 

7126 

7185 

“f* 1.2 

• • • • 

+ 0.8 

5-6 

1.50 

7165 

7165 

-h 0.5 

- 0.4 

0 


I ask Dr. Sharp if his tests were all made, as shown on. the 
diagram, on ungrounded circuits or whether he used grounded 
circuits in any instance, and at what voltages the tests were made. 

C. L. Dawes: There is still another type of crest voltmeter 
which has not been mentioned. We have found the oscillograph 
type of crest voltmeter very useful in connection with cable 
testinc, but there are certain conditions under which it cannot 
be usid to advantage because^ of the very appreciable current 
which it requires for its operation. This has led me to develop 
an electrostatic tyt)e of meter. The principle of the instrument 
is not original, but was suggested to Prof. A. A. Laws and myself 
by a paper written by E. T. Jones, appearing in the Fhuosopmcal 
Magazine^ some time ago. However, the instrument de¬ 

scribed was wholly unsuited for high-voltage testing, and there¬ 
fore it was necessary to modify the design very material^, ^ 
Fic. 3 shows the general scheme of the voltmeter, hor the 
sake of clearness, no attempt has been made to show the parts 
in their correct proporti on. A phosphor-bronze filament is 

Short Period Electrometer and Its Use in Determining the Fre¬ 
quencies of Slow Electrical Oscillations.'' Philosophical Magaztne, 1907, 

p. 238. 
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Stretched between two points of support A A, the proper tension 
being secured by the spring B, This filament is held to the 
. spring by a short length of silk thread for insulating reasons. 
Beside and close to this filament a small silk thread C is stretched, 
being drawn as tightly as its tensile strength will permit. 
Across the filament and thread, midway between the supports A , 
a small mirror D is cemented. 

In front of the filament and very close to it, a brass plate E 
is fastened. Through the center of E, there is a small hole just 
large enough to allow a beam of light to enter and leave. The 
filament and this plate are connected together to form one ter¬ 
minal of the instrument. The other terminal of the instrument 
is the small brass plate F, secured to the hard rubber barrier. 



Fig. 3 Figs. 4 and 5 


This barrier acts as a dielectric to prevent breakdown between 
the terminals. 

When the brass plate E and the filament are both positive, 
there is electrostatic repulsion between them because like charges 
exist on both. On the other hand, there is attraction between 
the plate E, which now has a negative charge, and the filament. 
As the silk thread is not influenced by the electrostatic charges, 
it remains practically stationary, serving only as a hinee about 
which the mirror swings. Therefore, the left hand side of the 
mirror will be drawn toward the barrier. When the polarity 
is reversed, the mirror will still deflect the same way, because the 
charges on plate E and the filament are always the same and 
those on plate E and the filament are always opposite. There¬ 
fore, the mirror deflections are proportional to the square of the 
voltage and the deflection is always in the same direction. The 
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deflection of the mirror is read by noting the breadth of a band 
of light upon a scale. Fig. 4 shows the vibrator which is remov¬ 
able from the barrier. 

The instrument does not operate satisfactorily in air, due to 
corona and brush discharge from the filament, therefore it is 
necessary to immerse it in oil. Fig. 5 shows a cross-section of 
the instrument immersed in a box containing white oil. Con¬ 
nections to the plate are made through mercury cups, which 
connect to binding posts through hard rubber bushings. 

It will be appreciated that this instrument has so little electro¬ 
static capacity that it is almost negligible. Therefore, it is very 
easy to use it in connection with a condenser-train multiplier 
having a very small capacity. Also the instrument may be used 
to measure induced potentials upon insulated bodies whose 
capacity to the system is so small that the voltage would be 
disturbed by even the small capacity of other types of electro¬ 
static instruments. For instance, Mr. Middleton and I have 
frequently used the instrument to measure induced charges on 
cable sheaths and on insulated conductors having high-potential 
wires in their neighborhood. This instrument does not need to 
be grounded, but may operate at potentials far above that of the 
ground. For instance, we have used it to measure a potential 
of 30,000 volts when one terminal was at 30,000 volts and the 
other at 60,000 volts above ground potential. Up to the present 
we have calibrated the instrument by-connecting it to the second¬ 
ary of a step-up transformer which is delivering no load. Under 
these conditions, we know the voltage wave to be essentially 
sinusoidal. The instrument at present can be used safely up to 
30,000 volts, but there is no apparent reason why it cannot be 
designed to operate at much higher potentials than this, pro¬ 
vided that appreciable corona discharge from the filament to the 
oil is not allowed to occur. 

This voltmeter is independent of wave form and negative 
loops; although it cannot register surges, it has been able to 
indicate the apparent peak of surges in the circuit to which it 
was connected. 

John B. Whitehead: All three of these papers describe the 
use of the electric valve for measuring the maximum value of 
voltage. Reference is made to the work of Dr. Gordon and my¬ 
self in which we measured corona voltages at frequencies higher 
than sixty cycles. .We used the mercury electric valve for ob¬ 
taining maximum values of voltage at the higher frequencies, in 
much the same way as now described in these papers. 

I mention this in order to answer Mr. Creighton’s question as 
to the frequency at which the valves may be used. At that time 
we were working up to 3000 cycles. From the nature of the 
kenotron, I see no reason why it should not be available for far 
higher frequencies than this. 

I wish to describe some experiments we have been making with 
still another type of crest voltmeter, namely, the corona voltmeter. 
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It has been frequently brought to the attention of the Institute 
that the value of the voltage at which the corona comes out on 
clean wires is extremely sharply marked. Suitable corrections, 
which are now perfectly well understood for temperature and 
pressure, may be made. It is quite possible to read and re-read 
corona voltages on clean wires to a far higher degree of accuracy 
than the constancy of the usual circuit, even in a laboratory, 
where precautions to secure constancy are taken. 

Within the last two years I have been trying to use the prin¬ 
ciple of the breaking out of corona on the peak of the voltage 
wave as a basis for direct observation of crest voltages. The 
great difficulty in using the corona, a difficulty which is at once 
obvious, is that it is directly dependent upon the size of the wire, 
and that consequently for any range of scale in such an instru¬ 
ment the size of the wire would have to be changed. There is 
another difficulty, namely, that some method of detecting the 
beginning of corona, other than by direct visual observation 
must be devised. 


I have met the first difficulty very satisfactorily, so far, by 
enclosing the whole corona tube, with its central wire, in a larger 
outside tube, varying the pressure in this outer tube and, reading 
the pressure and the temperature in order to apply the correction. 
The instrument can then be set for any voltage by varying the 
pressure in the outer containing cylinder, or, if it is desired to 


measure an unknown voltage, it is simply a matter of lowering 
the pressure until corona appears. In other words the range of 
the instrument will be taken care of by running the pressure 
either up or down in the outer containing tube. 

For the observation of the beginning or presence of corona, 
we have developed three very satisfactory methods. The first 
is that which uses the gold-leaf electroscope in connection with 
a small electrode outside of the cylinder forming one side of the 
^ voltage terminal, as described in my papers, the JElectric Strength 
of Air, This electrode is placed directly opposite a few small 
holes in this cylinder and the ionization that, comes from these 
holes is quite sufficient to discharge even a crude and rugged 
type of electroscope. 

The second method is by the use of the galvanometer in con¬ 
nection with d-c. voltage. In order to use this method, the elec¬ 
trode is increased in size, so as to form still a third outside 
cylmder very cffise to the main cylinder forihing one side of the 
ig -voltage circuit, the latter cylinder being perforated, with 
many holes over its whole circumference so as to provide a very 
large aggregate opening for ionization. With d-c. voltage on 
the enlarged electrode and a galvanometer in series, the beginning 
of corona is^marked by a sudden deflection. ^ ^ 

• ^ method which has been surprisingly satisfactory 

IS the use of the telephone. We enclose a telephone transmitter 
mside of the pressure cylinder. We do not normally think of a 
frequency of 60 cycles as one which would give any appreciable 
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note with a telephone transmitter. There is, however, soinething 
other than the normal 60-cycle note in the high voltage corona 
and it is these higher spark tones which the telephone seems to 
pick out. The beginning of corona is attended by a sharp sound 
in a receiver connected to the transmitter located as described. 
We are now using all three of these methods of observation and 
they show a most gratifying agreement. 

We can add a fourth method, if we will, the visual corona, 
always a very satisfactory means of observing the maximum 
point, but not suitable for an instrument for use in the open, as 
in a manufacturing shop, or power station. The eyes must be 
rested in the dark at least five or ten minutes before visual corona 
can be observed satisfactorily. 

L. W. Chubb: In the paper by Sharp and Doyle the authom 
speak of leakage demanding a certain amount of capacitance in 
parallel to the meter. The dielectric resistance of electrostatic 
voltmeters is usually very much higher than any condenser, 
unless it be of the air type. Also, the rectifier resistance is 
higher in the reverse direction than that of the condenser, so 
that if more condensance is put in parallel we should expect 
more rapid discharge in spite of having more power stored. 

Very likely the leakage between peaks is due to corona. 

One of the speakers stated that he used less condensance 
when working at 7000 volts. Is it not likely that this was 
possible because the voltage was below the corona point and 
leakage was low. 

Dr. Sharp speaks of registering the magnitude of surges with 
such an instrument, but I believe he will only reach a middle 
ground in obtaining a surge. The authors state in the paper 
that ‘ ‘if it does not build up on the first cycle it will on succeed¬ 
ing cycles.” Sometimes the surges which come along are^very 
steep, high frequency, and very quickly damped, so that if the 
first impulse is not enough to charge the electrostatic voltmeter 
and condenser, the following impulses will not be enough to raise 
the charge to the voltage of the first impulse. _ 

The current through the condenser at the instant of a surge 
should be of the order of amperes instead of milliamperes. -The 
kenotron current is limited by space charge and by temperature 
of the filament, so the condenser cannot be filled on the first 
impulse. Also with any appreciable damping constant, the 
succeeding peaks of the surge will not charge the condenser 

to the voltage of the first peak. 

The multiplier method with two or more condensers in series 
with the electrostatic voltmeter in parallel with one unit would 
not divide the voltage by ratio^ during the surge transient, 
even if there were no current limitation of the kenotron, for if 
the voltmeter is to store a charge there must be an equal charge 
displaced in the opposite direction in the series condenser because 
a d-c. component of current cannot flow through the series con¬ 
densers. 
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condensers has also been found to be wrong 
^iess the several units are guarded by the principles which 

d presented before the Institute some time ago, 

Sthe end ^onSnsCT.^^^^^'^^^'^ outside terminal 

and multiplier is also open to the same objection 

sectio^T/^r ^- capacity to ground and between 

nrii f eliminated by electrostatic shielding. 

forr^lr .. high-tension side of the trans- 

twW +i^f authors, it must be capable of standing 

voltage, for on the reversed half cycle the charge 
of the condenser and the transformer voltage are in series adding. 

wm!ld®^®^?^ seems that the scheme, measuring crest voltage, 
would not be very simple on voltages above 100 or 200 kv. 

wLZT interested in the test results given in Prof. 

4i„^. . • ^ ^ ''^®ry much worse 

£?om S T ^ greater 

tWio-lT+ii voltage per turn 

the secondary winding under various load conditions. 

vprQAd f ^ remember the voltage in a secondary turn was re- 

Thic; -mii ^ ^hat it was in others, 

nerfec^v coil is to be accurate it must be 

secondary, or must be placed in the 
of th/lnfd average position depends on the nature 

the two coils ^ leakage reactance between 

dii^ experience mth the volt .coil has not been very satisfactory. 

resonance of upper harmonics 

However, the results shown by Prof. Work indicate that the volt 

erest factor corrections are made. 
F' ^ evidently did not make it clear that these 

insteuS^^ot^iS® voltage, that is to say, the 

etc^dn^nfr^^’f questions of huge condensers 

on voltmeter coils, tertiarv winding of 

whole one Side of it was grounded, so that the 

whote thing was practically at earth potential. 

miil+iSfei-^Q^5 reason why it cannot be used on a condenser 

f®®® ll^e multiplier needs to be 

and in se-H^i^^ he one high-voltage condenser, 

another one of large capacity connected to 

+°u® ®®’^'l®?fer takes the bulk of the voltage 

Sthe capacity, takes a small portion 

Then ^e frfd voltmeter is looped about that. 

2ih of the t voltmeter will depend on the 

ratio of the two. While I cannot speak from actual experience 

I do not see any reason why it should not work, and I dSTot see 

S’lfr. z‘‘i “t »“>>»« b“ 

used as tlie high-voltage condenser. ^ 
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With regard to the measurement of high-frequency surges, 
etc., what we have in our paper is simply offered as a suggestion, 
and is not backed up with any very positive statements, because 
we have not the data or the experience on which to rest them. 
In our paper we say.: “ In conclusion, it may be noted that the 
arrangement given offers possibilities in the matter of t e 
study of surges.’’ It may do it, or it may not do it. it looks o 
me as if, while it is rather improbable, that the full value of the 
first peak of the high-frequency surge would be given, at the 
same time the arrangement might be of a good deal of vame, 
even if it did not give the whole thing. Undoubtedly, with a 
surge there would not be the same building up effect that ."there 
is with, a steady alternating-current, because the first P^^k j^he 
one that counts, the oscillations being damped out rapidly alter 

tliat 

It will be noted, however, that if one kenotron has not a large 
enough saturation current to catch the surges perhaps two or 

three or more in parallel may have. u 

When commercial instruments are available by which the 
crest values of waves can be measured as readily as the effective 
values now are, we shall avoid a lot of trouble, escape a lot ol 
mysterious things which occur in high-voltage testing and in¬ 
crease the accuracy and the worth of such work. 

C, F. Harding: One very important feature of high-voltage 
measurement which has not been touched upon in the foregoing 
papers is the establishment of a more satisfactory primary stand¬ 
ard than the combined needle and sphere spark S^P^' ^ 

these are not entirely satisfactory is freely admitted, for they are 
subject to correction for barometric changes and in practise it 
is found very difficult to make the two standards coincide witnm 
the range between 30 kv. and 50 kv. where both are ^andard. 
Tests covering a large voltage range such as is required upon a 
line of pin type insulators or upon varying numbers of suspension 
units in a string are difficult to make when a double standard 
involving variable and uncontrollable factors is used. ^ 

Whereas the meters described in these papers are designed and 
intended for intermediate or secondary standaid use and mus 
be referred to the needle and sphere gaps for calibration, it may 
be of interest to reconsider the principle of the electrostatic 
field with a view toward its use as a high-voltage stand^d. 

If, for example, a uniform electrostatic field can be main¬ 
tained at the center of two horizontal circular metal plates of a 
relatively great diameter as compared with their distance apart, 
and if a small circular disc be cut from the center of the 
plate and supported upon a float just below the plane of 
lower plate in a tank of liquid, the force required to raise this 
disc to the level of the lower plate can be readily calculated in 
terms of the voltage impressed between the plates. With tne 
plates near together this voltage may be srnall and thereiore 
accurately determined by other means than the spark gap. it 
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the field is maintained uniform by applying higher \’oltages be¬ 
tween the plates as they are separated from one another, the 
force necessary to hold the movable disc in the plane of the 
lower plate will be constant and the voltage will be directly 
proportional to the distance between plates. 

Such an electrostatic voltmeter has been constructed at Purdue 
University by Messrs. B. S. Wright and H. R. Holman under the 
direction of the writer, and readings at low voltages confirm the 
theoretical straight line relation between voltage and distance 
between plates. This line extended may be used within the 
limits in which no corona forms for a standard of voltage, the 
particular instrument constructed having a range of 180 kv. 

It should be noted that such a meter would indicate effective 
volts and that the crest voltage would be determined only after 
the wave form was known. However, since the crest voltmeters 
restricted in determining effective voltages and since 
the latter values at high potentials are becoming of more import¬ 
ance as the losses in dielectrics are being studied quite as much as 
voltages, further steps are being made to perfect the 
details of this instrument with the hope that it may be seriously 

considered in the future as a standard for high-voltage meas¬ 
urement. 


W. p. Peaslee: Referring to Fig. 1 of Mr. Chubb’s paper it 
must be recognized that the arrangement as shown will give 
satisfactory indications only on steadily maintained voltage 
conditions, as the instrument intrinsically gives a deflection that 
p some lunction of the entire wave or series of waves and will 
indicate an entirely unknown function on a portion of a surge 
which lasts in terms of cycles rather than seconds. For this 
reason the indication of the instrument is a measure of maxi¬ 
mum voltage only when it is calibrated and used on a particular 
wave form. What is needed is an instrument that will indicate 
maximum voltage applied regardless of wave form and even 
when this maximum is a combination of a normal frequency 

tranXnt ^ superposed high-frequency wave or 


sv^PT^vfvtlfU voltage stress imposed on a 

• J ^ combination of audio and radio-frequency voltages 

individual stresses imposed by the 

ment^L^^Tvp?Lp^^?u -u testing that an instru- 

thP ^ ^ ^ indicate at the moment of failure, 

consisting niedium under test whether 

tfoTS ^he tw? tL 'r ® t transient or a combina- 

SStine frtm a?v ^ the stress 

_ _uiting from any of these comb ina.t.ion.g but it is in difficulty of 

4_Sustamed Radio jH'requency High-Voltage'Discharges ” by Harris 

mesentef? ofthe Institute of Radio 

engineers, presented Sept. 16th, 1915 at San Francisco. 
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manipulation that this device fails in most cases rather than in a 
failure to give on break-down an accurate indication oi tne 

maximum stress, as intimated by the author. 

The only device that seems at present to show distinct promise 
in this line is the cathode-ray cyclograph which, when properly 
handled will meet to a remarkable degree the requirements men¬ 
tioned The indications of this instrument are of maximum 
values and the calibration is easy. The duration of a surge 
measurable by it is dependent on the ability of the eye to catch 
the lengthening of the voltage line and it is hoped to devdop a 
means whereby the eye may be replaced by an electric or c emi 
cal device and thus greatly shorten this interval. 

As an indication of the extent to which this superposition of 
normal and high-frequency voltages may affect the results in¬ 
dicated by an instrument of the type described by the author 
we have found it possible, in the high-tension laboratory to 
subject an insulator to a stress just under _ flashover at 60 cycles 
and hold this stress on it indefinitely without puncturing the 
insulator. However, when besides this voltage at normal tre- 
Quency we subject the insulator to a high-frequency stress 
sisting of several trains of damped high-frequency waves_ result¬ 
ing from an arcing ground on the artificial line to which^t e 
insulator is connected it will be punctured with a very few_ appli¬ 
cations, if the high-frequency stress is great enough. Ihe instru¬ 
ment described in Mr. Chubb’s paper will not give a reading that 
is a known function of the actual stress that puncture 
sulator, but would indicate a lower maximum voltage than that 
under which the insulator actually failed. _ . 

Also the error mentioned' in the discussion of Fig. 5 in th 
paper is a double one as the meter will not only integrate all the 
positive current areas and neglect the negative ones bu wi in 
the next half cycle, which should be entirely eliminated, integrate 
these negative areas. Thus the meter will read high by tvnce 
these negative areas. It will also be in serious error w en 
applied to a wave consisting of a normal frequency wave with 
the superposition of high-frequency trains ot surges. 

Referring now to the paper by Messrs.^ Sharp and L)oy e i 
is very probable that the charge will require several succeeding 
half waves. Also the fact that the instrurnent will no rece 
from it’s maximum reading for an appreciable time after the 
application of the maximum, this time depending on the leakage 
of the equipment, may introduce serious errors in determination 
made with this instrument. Suppose a test is required of oO-Ub 
volts for one minute and that on bringing the volta^ up e 
first few cycles, enough to complete the charge this wltage was 
60,000 but that it then dropped to 50,000 volts. fhe instru¬ 
ment, until leakage had permitted it to drop back o e ower 
voltage, would indicate that the required_ voltage applied 
to the insulator while in reality it was subjected to 
for a few cycles only and for the rest of the minute to only 5U,UUU 
volts. This might result in the acceptance of defective matenal. 
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This effect will be more serious the quicker the charg-e is built 
up and the less the leakage. 

Also the use of the instrument as a surge trap is open to ques¬ 
tion until it is shown that the charge is built up in the time of the 
surge duration. 

While these two papers are very valuable additions to the 
field of high-voltage testing and investigation, it would hardly 
seem that there was sufficient proof of the value and reliability 
of either method to accord them a place in the Standardization 
Rules at present, because of their inherent limits and also because 
It IS quite probable that the cathode ray tube will be developed 
into a practical form for measuring these maximum values of 
voltage, both of normal frequency and transient wave trains, and 
of the two combined. As at present available it is much more 
satisfactory as a maximum-volt age measuring device than 
either of the instruments described and its failure on transients 
is due only to the inability of the eye to catch the record of the 
transient. If any change is made in the Standardization Rules 
the cathode ray tube should be carefully considered and given 

its rightful place as a means of measuring maximum-voltap-e 
values. ^ 


Peek spoke of the errors due to corona. 
With the single condenser in series with the crest voltmeter 
there would be no error from corona, because you are measuring 
the voltage which is impressed upon the condenser. It does not 
rnatter how much corona there is, the line will supply all. If 
there are several condensers in series, the corona on and charging 
current of intermediate steps will cause an error except with the 
condenser terminal or with other similiarly guarded scheme, 
itach layer of the terminal is in its proper equal-potential surface 
and there can be no corona, except possibly around the hat! 
These terminals will run to very high voltage without any corona 
at all, on the intermediate steps. 

4 - 1 , spoke of the cost of such crest voltmeters going up as 

the voltage increases. I might add. with reference to the crest 
described m my paper, that the cost goes down as the 
vdtage increases. The condenser terminal is either a feature 

may be a roof bushing. As the voltage 
^ more current through the same condenser and 

^ sensitive and cheaper instruments to measure it. 

asked about the variation of capacitance of the 

It increased 
^°^tage up to 25 per cent over 

b?atS in^nsrdw voltmeter is cali- 

olS of S?re oafibTiSon ““ 

oa^r I*^ the third paragraph of Mr. Hendrick’s 

an^Lit ff ^®s^lts at all loads 

nf thp fli? rh y^^ecessary and sufficient that the ratio 

^nffing S' I'Stan? ” TA -“f high-voltage 

winning be a constant. This is done by the proper design and 


1916 ] 


DISCUSSION AT NEW YORK 


143 


placement of the voltmeter coil. I bov^^^ 

method of determining the accuracy with which the above conai 

^“RefeSng to Fig. 6 , transformer (^) is the 

voltmeter coil under test. Transformer to^step-down 

transformer or any transforrner which be used to step dow 

to a secondary voltage coil of the trans- 

forTulnSraS 

Ip^Slt fa (“Taf-e 

frequency being maintained constant and g coil is good 

on both voltmeters. The accuracy of the voltmeter co l is goo 
if the ratio of the voltmeter ( 1 ) reading to voltmeter ( 2 ) reading 

remains constant from no load to full load. trans- 

We do not have to depend upon the accuracy of 


A,C. 
Generator 


Transformer 

A 





Transformer 

B 


High Voltage 
Winding 



Pig. 6- 


Method of Testing the Accuracy of Voltmeter Coil 


former (B) The assumption is that the ratio of this transformer 

will remain constant while tests are being m^ 

Errors due to flux leakage between the voUmeter 

high-voltage coil are shown ^XSor in one direction 

A full capacitance load makes a small “ 

and an inductance load an error m^^ 

correct design these errors can be k p ^ 

A. B. Hendricks Slater'coll^th crest voh^^^^^ 

final conclusion that the voltmeter co - gg,.s 

and supplemented by a sphere gap to f ^ , 

best arrangenient for ^Scm^^ recommended 

A crest voltmeter designed on the prinapie 

by Sharp and Doyle, and connec e , ^ every way most 

COTstructed by Mr. Newman, and found.to be in every y 

it inbuilt for low voltages and connected direct to the volt- 

-1 Ml narts are small, simple and inexpensive. In 
meter coil, all parts are bind , ^ 5 ^ uq correct and 

practise, the indications have been tound to be 

reliable. ^ 4 .Vi« value of neiiodic waves only^ 

Of course, this gives the crest y^^ae or pe™ 

and does not indicate single transients of sho - ^ 
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As stated by Mr. Peek, the voltmeter coil reproduces the 
wave form in the high tension winding with such fidelity that 
tiicrc is no necessity for connecting static voltmeters or rectifiers 
directly in the high tension circuit, which is fortunate ?nce 
instruments designed for the extreme voltages contemplated 
have usually been unsatisfactory. 

The method of using_ rectifiers, a condenser and a direct cur- 
rent voltmeter as described by Mr. Chubb is more complicated 
and less accurate on distorted waves of certain classes than the 
scheme described by Sharp and 






125 



W\AAAAA/VA'V\AA(IVS/VV 

1 

125,000 

-V V V WWV\AAAAaaaaaaa^aa.. I 

1.000 



'AAAAAA/VVWWVAAAAA 



5 to 1 



J.-V^A^VWv^AA^_ 




300 


■VWSAAAV^A(lVVVW^AAA^/^/^/W 

300,000 


4,600 



“VWVVWWVVVV- 

10 to 1 




Doyle. It is not correct on 
multiple peaked waves, and the 
accuracy of the indications is 
absolutely dependent on the 
frequency. Neither of these ob¬ 
jections applies to the scheme 
described by Sharp and Doyle, 
which is in other respects much 
simpler also. 

Of course, every precaution 
should be taken in designing a 
transformer with a voltmeter 
coil to insure that the indications 
of the latter will be correct. 

Apparently, in the transformer 
referred to by Mr. Chubb, these 
precautions were not observed, 
with results as related by him. 

As it seems to be difficult to 
convince the average engineer 
that the voltmeter coil is prac¬ 
tically exact at all loads and 
power factors, I give herewith 
the results of tests recently 
made on a 300-kw., 300,000-volt 
transformer having one end of 
the high-tension winding per¬ 
manently grounded. See Fig. 7. 

th Jload^^^nS^^^ connected to a sine wave generator and 

former Consisted of another testing trans- 

ormer_rated 2o kw., 125,000 volts with one end of the high ten- 

permanently grounded. ^ 

voltmetP^^ni-f it was found that the error of the 

nSSbfp to be detected by the best grade of 

?ha„gU 

bv^he moJt since it is indeterminate 

the Sim commercial instrument, and even 

the sign of the error is unknown. At the same time the error 


Fig. 7 
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reading from the low-tension winding through a potential trans¬ 
former was 7.6 per cent or close to the measured reactance volt¬ 
age of the transformer, as was expected. 

^ Normal rating of testing transformer: 

60 cycles, 300 kw., 300,000 to 4600 volts. 

Voltmeter coil reads 300 at 300,000 volts. 

Normal rating of main potential transformer: 

60 cycles, 25 kw., 125,000 to 1000 volts. 

Voltmeter coil reads 125 at 125,000 volts. 

Ordinary potential transformers of 10 to 1 and 5 to 1 ratio 
were used on the low voltage side of the 300,000-volt and 125,000- 
volt transformers. 

Test was made at 60,000 volts and 0.88 amps, in the high-ten¬ 
sion circuit, the normal rating being 300,000 volts, 1 ampere. 

The ahsohite variation of high-tension voltage from the winding 
ratio depends entirely on the magnitude and phase of the current 
and the peT cent variation at 60,000 volts is of course five times 

nornfial 

The exciting current of the 125,000-volt transformer at 60,000 
volts is so small that its effect on the power factor of the load 

can be neglected. ^ 

Vi = actual reading on voltmeter coil of 300,000-volt trans¬ 
former 

= actual reading on voltmeter coil of 125,000-volt trans¬ 
former 

Vz — actual reading on low voltage side of 300,000-volt trans¬ 
former through 10 to 1 potential transformer. 

V 4 , = actual reading on low voltage side of 125,000-volt trans¬ 
former through 5 to 1 potential transformer. 

Amperes = actual reading on ammeter in 300,000-volt circuit 
= condenser -f- step down transformer currents. 


The normal rated voltage of each winding is given on the 

diagram of connections. ... r t. 

The readings given are from the actual indications of _<^ch 
instrument after correction in accordance with the special calibra¬ 
tion of each. 

After taking one set of readings, the voltmeters were inter¬ 
changed as indicated, and a second set taken. 


Normal voltage.300 125 

V2 - 

Reading at 0.882 amps.... 60 59.9 

Vi & 72 inter¬ 
changed 

Reading at 0.879 amp... 60 60 


465o 1000 

F3 74 

57.16 96.3 

73 & Vi inter¬ 
changed. 
57.16 96.3 


These readings were repeated and checked many times, with 
no appreciable difference in results. All taps on the voltmeter 

coil gave similar results. .... , .1 

One volt corresponds to two divisions on scale, one-tentn 
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division being the extreme limit of observation, and probably 
beyond the accuracy of the instrument, or observer. 

The voltages from transformation ratios of low voltage 
windings and potential transformer are as follows: 

F 3 = 37,300 volts 
V 4 = 60,200 

The high voltage as determined by all the readings is there¬ 
fore : 


Fi. 

.60,000 

F 2 . 

.....59,900 60,000 

Fs . 

.37,300 

F 4 ... 

.60,200 


Voltage was fairly steady, but as each observer had to read 
two instruments, the observations are hardly reliable to 0.1 
volt. Other readings of V 4 gave 60,075 volts. 

The greatest care was taken in reading Fi and F 2 on the volt¬ 
meter coils, the low-tension voltage being of less interest. The 
small potential transformers may also have slight errors. The 
voltmeter coil in the 125,000-volt transformer should be per¬ 
fectly correct, since operation is at half voltage and no load. 
It is thus seen that the error in the voltmeter coil of the 300,000- 
volt transformer is zero or so small as to be indeterminate by any 
ordinary methods, and therefore negligible. 

On the other hand, the rise in voltage due to the capacity load 
is from 37,300 volts (measured on low voltage terminals) to 60,000 
volts or60.9 per cent (22,700 volts absolute). 

These results show that the voltmeter coil is certainly ac¬ 
curate within 1/10 per cent, and, probably much less on full 
load, normal voltage and zero power factor leading. It would 
undoubtedly be equally good on lagging load, but this is never 
encountered in practise. 

Similar tests were made at no load. The following results 
represent the largest apparent error: 

^ Fx F2 Vs V4 

Reading at 0 amperes.... 59.9 59.8 91.6 95.8 

High voltage from above 

Fx = 59,900 
F 2 - 59,800 
Fs = 59,800 
F 4 = 59,870 

From all the readings taken the average error seems to be 
^out -f- 50 volts at 300,000 volts at both normal and zero load. 
Ihis could be produced by an excess of two turns in the high 
voltage winding of 12,000 turns, or represented by one-tenth of 
a division on the voltmeter scale. 

^ As a conclusion from^ all the results it is claimed that the error 
isyess than ordinary minimum errors of observation and instru¬ 
ments, and less than those inherent in any other known method 
01 measunng high voltage. 
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OPERATION ON THE NORFOLK & WESTERN RAILWAY 


BY F. E. WYNNE 


Abstract of Paper 

This paper describes the great advantages, from an operating 
standpoint, incident to the inauguration of electric service on the 
Elkhorn grade of the Norfolk & Western Railway Co. and why 
it is possible almost to double the capacity'Of the road by the use 
of 12 electric locomotives, instead of the 33 Mallet locomotives 
formerly in service. 

T he electrified portion of the Norfolk & Western 
Railway lies chiefly in southern West Virginia between 
Bluefield and Vivian, as shown in the map, Fig. 1.The distance 
by rail is 30 miles (48.2 km.) but, '‘as the crow flies,Vivianis 
only 18 miles (28.91 km.) from Bluefield. The approximate 
profile in condensed form is shown in Fig. 2. Curves from 8 deg. 
to 12 deg. are of common occurrence and the average curvature 
is over 3 deg. The maximum grades eastbound.are 2 per cent 
against 2.36 per cent with the load. For westbound trains the 
maximum grades are 1.1 per cent against and 2 per cent with the 
load. These figures indicate the severity of the service so far as 
alignment and grades are concerned. With the exception of 
Elkhorn Tunnel, the entire line is double-tracked, with con¬ 
siderable third track, numerous spurs and cross-overs and several 
yards. At the summit of the long grade up the west slope is 
a SOOOTt. (914-m.) single-track tunnel, part of which is on a 
3-deg. curve. On the east slope, just west of Bluestone Junction, 
is a 700-ft. (213-m.) tunnel over the westbound track only. 

The i)rincipal tonnage is coal, a portion of which comes from 
points west of Vivian. Between Vivian and Coaldale, the 
adjacent hills are honeycombed with coal mines which furnish 
tonnage both east and west. In addition, coal from branch 
lines is brought to the electric zone at Eckman, North Fork, 
Lick Branch, Cooper, Bluestone Junction and Graham. Of 
course, time freight and passenger trains also pass over the elec¬ 
tric zone. The gathering of tonnage trains of eastbound coal 
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throughout the field is naturally accompanied by the delivery 
of empty cars from westbound trains to the numerous mines. 
Between Vivian and Coaldale, the line is operated^ as an elon¬ 
gated yard without intermediate telegraph stations. Com¬ 
munication with the load dispatcher may be had by telephone 
at each westbound signal bridge. 



Fig, 1 


The foregoing conditions apply with both steam and electric 
operation. In order fully to appreciate what electrification is 
accomplishing on the Norfolk & Western Railway, it is necessary 
to consider other general conditions which differ under steam and 
electric operation. 

Until 1911, comparatively little coal w^as hauled west over the 



Fig. 2 


hill. Eastbound coal constituted a decided majority of the total 
traffic. This was handled up Elkhorn Hill in 2360-ton trains 
with a Mallet locomotive, having eight driving axles, at the head 
end, a consolidation helper engine at th,e rear, and a consolida¬ 
tion pusher. Ordinarily the pusher locomotive did not work in 
the tunnel but remained with the train for emergency use. At 
Ruth, the east end of the long tunnel, the pusher cut off and 
returned west light or assisting in delivering empties on the west 
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slope. From Ruth to Bluefield, the train was handled by the 
Mallet and helper. On this part of the run, the helper was 
necessary only for assisting the train up Graham Hill. This 
assistance might have been given by a pusher operating between 
Graham and Bluefield only, but for the fact that the helper 
was required for delivering westbound empties and it was 
impracticable to hold locomotives for this purpose at Ruth or 
Coaldale between the time of helping an eastbound train up 
Elkhorn Hill and the time a westbound train of empties arrived. 

Westbound, the Mallet and helper ran light or with a train of 
empties (sometimes amounting to 125 cars) and occasionally 
picked up at Flat Top a small number of westbound loads. 
Practically all of the switching, picking up loads and setting off 
empties was done by the consolidation engines. As much of the 
tonnage originated along Elkhorn Hill, some trains started with 
less than the rated tonnage and filled out at one or more points. 
When this was necessary and also when delivering empties, the 
train was held by the Mallet at its head. On rare occasions, the 
Mallet helped in filling out the train. 

A number of difficulties were experienced with steam opera¬ 
tion. In starting on the hills, the rear engines, with steam in the 
cylinders, held the train until the head engine got its portion 
of the train under way. This period of standing under load ran 
from 30 or 40 seconds up to two or three minutes and often was re¬ 
peated a number of times before the train got started. As the 
locomotives were rated practically at their maximum tonnage 
with good rail, slipping was a frequent occurrence when any 
condition reduced the adhesion. The slipping of either consolida¬ 
tion or one truck of the Mallet caused a loss of one-fourth of the 
motive power on the train. 

On the west slope, eastbound locomotives took coal and water 
at two points, one of which was at times the starting point. An¬ 
other stop for water was made at Cooper or Flat Top. The 
delays due to this were in themselves considerable, since at each 
coal or water station either two or three engines had to be cut 
off from the train and handled separately, the train being pulled 
up in the interval between supplying the head and rear engines. 
The attendant delays due to congestion were even more serious. 
At times, three or four trains followed each other closely, result¬ 
ing in a delay at coal and water stations of about two hours for the 
last train of the fleet. Frequently further delays were encoun¬ 
tered, because by the time the third or fourth train was coaled 
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^tid. W3.t6r6cij it ws-s ii6C6SS3'ry to clcs^r th.G tn3.in line for one or 
more superior trains. 

The low speed on grades with steam locomotives was another 
feature making operation difficult. On the heavy part of the 
grade from Ennis to Ruth the speed seldom exceeded six miles 
(9.6 km.) per hour and was often as low as four miles (6.4 km.) 
per hour. The fastest time freight was scheduled at only 9.5 
miles (15.2 km.) per hour from Vivian to Coaldale and 13.3 
(21.4 km.) miles per hour from Coaldale to Graham, while the 
fastest passenger train had a schedule of 19.5 miles (31.3 km.) 

per hour from North Fork to Coaldale. 

The Elkhorn Tunnel was, to say the least, an unpleasant fea¬ 
ture of steam operation, the grade being such as to require both 
the Mallet and helper to work through it going east. Although 
it was ventilated by fans blowing in the west end and the train 
speed was low, considerable smoke and gas were still in the tunnel 
when the helper and pusher went through. A little imagination 
can picture the conditions when a train stopped in the tunnel and 
all three engines had to work to start it. 

Under the foregoing conditions, the maximum number of 
freight cars handled up Elkhorn Hill in one month was approxi¬ 
mately 17,000. The average time of a round trip between Blue- 
field and the coal fields was 12 hours, and this constituted a day’s 
work for the train crew. 

Between 1911 and the time of electrification, additional Mallets 
with arches, superheaters and stokers were applied in this 
service and larger three-engine trains with Mallets in each posi¬ 
tion were operated. This afforded some relief, but 33 Mallets 
were required to handle the traffic in this way. 

In 1911, no consideration was given to the electric operation 
of time freight and passenger trains. Now, in addition to hand¬ 
ling coal trains and empties, the electric locomotives are pushing 
all eastbound time freights to Ruth and two of the heaviest 
eastbound passenger trains to Bluestone Junction. 

One electric locomotive at the head and one electric pusher 
take trains of 3250 tons east to Ruth where the pusher cuts off 
and returns west Hght or assists in delivering empties. From 
Ruth to Flat Top, the head engine alone suffices. At Flat Top, 
the train is filled out to 4700 tons and an electric pusher is at¬ 
tached to assist the train to Bluefield. A regular day’s work for 
a head crew is to take a train of empties from Bluefield to the 
west slope, return with loads to Flat Top, then run west light, 
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with empties or with west loads to the coal fields and return with 
loads to Bluefield. An Elkhorn pusher crew frequently handles 
five or six eastbound trains as a day’s work, while a Flat Top 
pusher at times exceeds this on account of the shorter distance. 
With the electric locomotives, gathering loads and delivering 
empties may be accomplished equally well by either the head or 
rear locomotive. 

On account of the length of train and curvature of the track, 
it is at times impossible to hear whistle signals. In starting a 
train with two engines, other means of signaling are used. The 
head locomotive releases brakes and lets the slack run back. 
As soon as the engineman on the pusher feels the blow resulting 
from this, he applies power and holds the train until the head en¬ 
gineman has applied power and gotten the front portion of the 
train sufficiently under way to permit motion of the rear loco¬ 
motive and its share of the load. The period of standstill with 
power on for the pusher engine with this method of operation 
rarely exceeds 30 seconds and generally a satisfactory start is 
secured on the first attempt. This speaks well for the smooth¬ 
ness of the electric control, as the electric locomotives have 
less weight on drivers per ton of trailing load handled than was 
the case with steam locomotives. When slipping does occur on 
one truck, the loss of motive power is only one eighth of the total 
or one half of the proportion which occurred with steam. 

The delays for taking coal and water have been eliminated 
from the trains which are operated entirely with electric engines, 
and have been reduced on those trains which are only pushed 
electrically. Consequently, there is also a great reduction in the 
time lost in secondary delays which were formerly produced by 
coaling and’ watering. 

By means of pole changing, the electric locomotives are ar¬ 
ranged for two speeds. The 14-mile (22.5 km.) per hour speed 
is used regularly for the heavy freight work, while the higher 
speed of 28 miles (45 km.) per hour is used for passenger trains, 
light engine movements and a certain amount of time freight 
operation. As a result, the speed of the coal trains has been more 
than doubled on the heavy grades and the average running speed 
for eastbound loads over the entire trip from the coal fields to 
Bluefield has been increased over 50 per cent. In passenger 
service, it is a common occurrence to pick up a train 20 minutes 
late at North Fork and put it into Bluestone Junction on time. 

The dangers of steam operation in Elkhorn Tunnel have 
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practically been eliminated. The majority of the trains passing 
through this tunnel have only electric locomotives attached. 
Nearly all of those which do have steaxh engines on them are 
pushed through by the electrics at not less than 14 miles (22.5 
km.) per hour with the steam locomotives doing very little work. 
How satisfactorily this is accomplished is indicated by the fact 
that in assisting time freights with a steam locomotive on each 
endj the head engine working and the rear engine idle, the elec¬ 
tric pusher works through the tunnel with its windows open and 
without noticeable smoke or gas in the electric cab. 

Certain features of the locomotives are notable in their effect 
on the handling of trains. The control is extremely flexible. 
Power may be applied to the motors of one truck on each half of 
the locomotive in starting. This is particularly advantageous 
with a light engine or a train of empty cars. In changing the 
speed, one half of the motors are changed at a time so that the 
entire tractive effort of one locomotive is never lost. 

The arrangement for operating the rheostats is such that 
practically an infinite number of steps is provided for accelera¬ 
tion. The effect of unequal wheel diameters in unbalancing 
the loads on different motors may be readily counteracted. In 
case of wheels slipping, the load on the slipping drivers may be 
reduced until they again grip the rails, without reduction in the 
tractive effort developed at the drivers which are not slipping. 
In case of trouble, either a single truck or a half engine may be 
cut out without affecting the operation of the remainder of the 

locomotive. 

The inherent regenerating feature is of great value in con¬ 
trolling the trains on down grades, and the fact that the speed 
down grade is constant and inflexible prevents the possibility 
of surges in the train which would result in broken draw-heads. 

Considerable assistance in effecting a smooth stop is secured 
with trains having two locomotives approximately one-half 
mile apart by passing the load from locomotive to locomotive 
while backing off the control. To be a little more specific, when 
the head engineman desires to make a stop, he introduces a 
portion of the rheostat into the circuit of his motors. This 
slightly reduces the speed of the head engine and throws addi¬ 
tional load on the rear locomotive. The lattei, noticing the in¬ 
crease of load, realizes that a stop is about to be made and he too 
starts inserting resistance into his motor circuits, always, however, 
keeping his tractive effort up near the maximum. The front 
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engineniaii, on the other hand, inserts his resistance more rapidly, 
reducing the speed of his engine at a slightly greater rate than 
the rear engineman and allowing the latter to bunch ’ all the 
slack in the train. As soon as the slack has all been bunched, 
the head engineman shuts off and if necessary makes a slight 
reduction with his automatic brake to bring the train to a stop. 
The rear engineman in his turn introduces more and more 
resistance into his motor circuits to keep from overloading his 
motors, until flush level has been reached. When he gets to 
this point, he holds his resistance constant until the train has 
been brought to a dead stop. He then makes a 30-lb. or 404b. 
application with his independent brake and having done this, 
throws his master controller to the off position. 

Since electrification, not only has the eastbound traffic been 
very heavy but the westbound traffic from Flat Top is compara¬ 
tively great when referred to that of 1911. Complete operating 
data are not available for publication at this time. However, 
a few general figures derived from the performance since the 
first of June, 1915, will serve to indicate what electrification is 
accomplishing. Compared with the Mallet locomotive perform¬ 
ance of 1911, the despatcher’s reports show that the electric 
locomotives are making eight times as many miles per train- 
minute delay due to locomotive failures in service. They further 
show that the electric locomotives have handled up Elkhorn 
Hill in a single day 50 per cent more slow freight tonnage than 
was handled by steam locomotives in the maximum day recorded 
prior to the summer of 1911. This was done with only nine of 
the twelve electric engines in service. From Nov. 1st to Dec. 
17th, inclusive, there was no delay due to failure of electric loco¬ 
motives in service. During this period the electric locomotives 
made nearly 45,000 miles (72,420 km.) with approximately 700 
freight trains and 25,000 freight cars, each of from 60,000 to 
180,000 lb. (27,215 to 81,646 kg.) capacity, eastbound up Elk- 
horn Hill. In addition, they pushed an average of two passenger 
trains per day up the hill and cared for an unknown quantity of 
switching service and westbound freight traffic. Presumably, 
the railway company will at some time in the future give statistics 
showing, better than is now possible, the heavy traffic and severe 
service which electrification is successfully meeting in this 

installation. 
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Discussion on Operation on The Norfolk and Western 
Railway’’ (Wynne) New York, Feb. 9, 1916. 

A. H. Armstrong: The induction motor has one inherent 
characteristic, constant speed at all loads, that makes it of 
doubtful application to the' haulage of trains over a broken 
profile. The speed of the motor can be varied only slightly 
except by changing its number of poles, a matter of doubtful 
expediency in its practical application to the operation of a 
train. We have been educated in steam railroading to expect 
the flexible speed characteristic of the steam engine, that is, 
slow running on ruling grade and proportional higher speed on 
■the lesser grades and level track. Railroad practise therefore 
is more or less crystalized about the flexible speed operation 
of the motive power, and in adapting the induction motor to 
train haulage we are going against all previous ideas, and the 
continued operation of the Norfolk & Western Railroad will be 
watched with considerable interest as throwing light upon the 
adaptability of the induction motor to main line service. 

The author gives little data in regard to the question of change 
of speed except that certain lighter trains will change from 14 
to 28 miles per hour where the ruling grade is favorable. No 
reference is made to the fact that drag freight trains operate 
over a broken profile, and the inference is gained that such trains 
operate at a constant speed even on the considerable stretch of 
low grade track over which a higher speed would be permissible. 
With the steam locomotive or the d-c. motor locomotive, the 
sloping characteristic curve inherent in such motive power auto¬ 
matically provides for a change in speed inversely proportional 
to the gradient of the track. 

Very little is said in the paper about regenerative braking 
although the induction motor inherently provides this feature. 
So much interest is attaching to electric braking on the Chicago, 
Milwaukee & St. Paul installation that I may be justified in 
commenting upon several operating facts found in connection 
therewith. The method of handling trains going over the crest 
of the grade and starting down is a matter calling for a consid¬ 
erable amount of skill. Having little to guide us in this direction 
I had hoped that the author would have brought out something 
more of the practise prevailing on the Norfolk & Western. 

As the train surmounts the grade and the leading locomotive 
starts to descend no trouble is experienced in applying the elec¬ 
tric brakes and in passing from motoring into braking unless 
the train is brought to rest and then re-accelerated on down 
grade. In starting on a down grade it is sometimes difficult to 
charige from motoring into braking without introducing the 
possiblity of breaking the ^train in two. One method of min¬ 
imizing this trouble is to tip 4he retainers on a certain number 
of the leading cars of the train so that an application of air 
will result in bunching the slack on the leading locomotive. 
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The change from motoring to braking can then be effected 
without occasioning a suige. I1 has even been possible to hold 
back a 30004on train on a 2 per cent grade with electric loco¬ 
motives in different parts of the train both braking electrically. 
No exact method of handling the train down grade has as yet been 
established, but the greatest success has attended the use of 
electric brakes and the energy returned to the line has been 
approximately 15 per cent of the total average dernand of the 
first engine division electrified on the Chicago, Milwaukee & 


St Paul road. 

it is, of course, understood that retainers are kept in use 
only during the initial period of changing from motoring 
braking, the air is then allowed to leak out and the train handled 
in its entirety by the electric brake. The electric brakes will 
hold back the entire train provided the locomotive weight on 
drivers will furnish the necessary tractive effort without exceed¬ 
ing a coefficient of adhesion permissible with the condition ot 
the rails. For example, on ore roads where the grade favors the 
load it is current practise for the locomotive to handle a tram 
down grade which is very much heavier than the same locomotive 
could haul up, grade. This is made possible by the application 
of air brakes to all cars, and if an attempt is made to hold back 
the train by electric brakes on the locomotive it would dernand 
such a high tractive effort as to exceed the ability of the loco¬ 
motive to hold the train back and the wheels would slip. With 
such trains therefore it is necessary to supplement electric brakes 
by a certain amount of air brake application or else install 19 ^°" 
motive capacity greatly in excess of what would be required 
to haul- the empty cais up the grade on the return trip. Ihe 
combined use of electric and air brakes introduces some new 
features which are not as yet reduced to a standard practise, 
but undoubtedly the constant speed characteristic_ of the induc¬ 
tion motor introduces a handicap where electric bra,king is 
supplemented by air brakes, and this is due to the small latitude 
which such motors permit in speed variation. The d-c. loco¬ 
motive is much more readily adapted to the combined use of 
electric and air brakes, as the speed at which electric brak 
can be applied extends over a considerable range a,nd thus fits 
in better with the combined use of electric and air brakes in 
cases where the electric locomotive has not sufficient weight on 
the drivers to hold back the trailing load on down grade. The 

constant speed characteristic of the induction motor 

may prove to be a serious handicap not only during the period 
, of motoring over a broken profile but also dunng the regen^- 
ative period down grade where the combined use of electric 

and air brakes may be enforced. 

Some reference has been made to the question of wheel cor¬ 
rection, that is, the induction motor _being a constant speed 
motor will operate at a constant rotative speed while the loco¬ 
motive speed will be proportional to the wheel diameter. When 
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all wheels are new any two locomotives may be coupled together 
in the same train and all motors run at the same speed. After 
the tires have been turned, however, there might be coupled 
to the same train two locomotives having tires of different 
diameter, in which case a constant resistance must be interposed 
in the motor secondary geared to the larger wheel diameter in 
order that the wheel peripheral speed shall conform to that of 
the smaller wheel diameter. This constitutes a loss in efficiency 
which is peculiar only to the split-phase or induction motor 
type of locomotive and adds to the burden of locomotives of 
the Norfolk & Western type which already have a very low 
efficiency due to the losses in transformer, phase converter, 
gears, jack shaft, side rods, etc. It will be interesting to know 
the efficiency of these locomotives especially after they have 
been operated for a sufficient period to call for the turning of 

tires. 

R. E. Hellmund: The regenerative control of the Norfolk and 
Western locomotives, was found to work much easier and better 
than had been anticipated. When the heavy train is pulled up 
the hill and passes the crest, it is only necessary to keep the power 
on the locomotive in the regular way and the locomotive picks 
up the regenerative load car by car automatically and the en¬ 
gineer has practically nothing to do. You can stand on the 
locomotive and watching the ammeters observe the increase in 
regenerative current as each car bumps up against the car in 
front of it; there is a succession of these little bumps, and you can 
practically count the cars as they are picked up by the loco¬ 
motive. It works very smoothly and without any trouble. In 
fact, some of the operation which originally it was not contem¬ 
plated to do by electric braking is now being done in this 
manner, because it is much easier than the air braking. 

In the control of the locomotive, the water rheostat is of some 
interest, in so far as its control is different from the type of 
controller commonly used on electric locomotives. We are all 
accustomed to have a master controller which is worked by 
notches, to increase the voltage on the motors or change the 
connections. In this particular locomotive the water in the 
rheostat is lowered and raised by means of a handle, the opera¬ 
tion of which is somewhat similar to the operation of the throttle 
lever of the steam locomotive, and it seems that the steam 
engineers find that very convenient and much to their liking 

As to the limiting speeds of the iriduction motor, which have 
been considered so much of a disadvantage, we find more and 
more that this feature can hardly be considered as such. About 
six or seven years ago wheni first saw three-phase motors opera¬ 
ting in Italy, I was very much worried about their disadvantages. 
I was told however, that as an actual fact, the service 
could be handled better and easier than with steam, and while 
steam trains were frequently late on the steam lines the elec¬ 
trical trains hardly ever were late; this is because variable 
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Speed locomotives will lose time with overloads, while the three- 
phase motor always runs dt the same speed and there is less 

r'ViQnr'P for Inc^inP’ tim6 

Then, of course, there is the possibility of losing time in the 
stations for various reasons, and the argument is that such time 
cannot be made up by the constant speed locomotives. It is 
to be considered in this connection that most railway equipments 
are worked about to their limit nowadays, and whether you have 
the series characteristic or the constant speed characteristic, 
you cannot make up time except by shortening the coasting 
period. This can be done with a three-phase motor as well as 
with a series characteristic motor. you want to make up 
time, the only chance you have in either case is to make it up 
by keeping the power on longer, For this reason it seerns that the 
slight difference between the two motor characteristics app^ar- 
ently does not grow to be a great disadvantage in actual practise. 
In Italy they handle passenger traffic to a very large extent with 
three-phase motors, and they are altogether satisfied with the 
limited speed characteristic. 

Francis H. Shepard: Railroad service on the Norfolk and 
Western is far from toy railroading. These locomotives weigh 
270 tons, and to give you an idea of the amount of power han¬ 
dled, with an ordinary train accelerating on the grade the power 
runs from 8000 to 9000 kw. per train. On certain accelerations 
which have been made for demonstration purposes, the power 
reached 12,000 kw., and on a single loconiotive, also for dem¬ 
onstration purposes, on the 28-mile connection, 8000 kw. 

In handling a long train, I might say that some twenty years 
ago I lost my respect for the strength of railroad equipment. 
Down in the Baltimore and Ohio tunnel we broke trains in two 
as though they were a string of egg-shells. A train is not an 
inflexible structure; the least little jerk on the controller may 
tear the train in portions, and one of the necessities in handling 
heavy trains, and particularly in getting satisfactory performance 
with the train, is to have absolute control of the motive 
The more refined control of the train you can get the better on 


you are. . ^ ^ 

It is a serious matter for a Mallet pusher to slip at the rear oi 

a train, in that it commonly results in breaking the tram into two 
or three parts. When you break a train in two on these grades 
with cars with lading which weigh 130 tons each, it is because no 
draw-bar or draft rigging can stand the surge and shock, hor 
instance, on one occasion on the Norfolk and Western inadver¬ 
tently the trolleys were lowered on the rear or pusher locomotive, 
the power was cut off thereby, and the train broke into three 
parts. These locomotives are, of course, interesting to every¬ 
one who sees them and rides on them. This accident happened 
because the conductor seeing these levers wanted to know their 
function and whether they were operative, and was tmd JNo, 
they are all cut out, except on the operating end. ’ That was 
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the fact, except for the trolley down button. That was the 
very one he pushed. 

The operation of the liquid rheostat has been amazingly suc¬ 
cessful. There are many operations which take place in hand¬ 
ling these heavy trains which do not follow the pictures we 
ordinarily consider railroad operations are governed by, the 
speed-time curves of the designing engineers. 

It is not uncommon for a train to have stuck brakes, to have 
an excess tonnage, or to require a slow-down movement, and the 
facility and capacity of the water rheostats to secure these 
abnormal operations is, as I have said, amazing. The curvature 
on the Norfolk and Western is so great that with the long trains 
it is quite impossible to pass the customary whistle and other 
signals from the head to the rear of the train. In the operation 
up the grade, the head engineer gets a “ slow ” order, the pusher 
engineer has no knowledge whatever of this, the head engineer 
shifts his load by inserting resistance, the rear engineer receives 
immediately a corresponding increment of load, he also in turn 
shifts, and thus they may drop down to half speed, or less than 
half speed, and then when the slow order has been satisfied 
and they wish to accelerate up to full speed again, the head 
engineer opens up; the rear engineer sees he is opening up, so 
he does likewise, and the whole operation is carried on without 
any surge to the train whatever. 

The result of this is that extreme facility in operation is secured 
and a very material decrease in damage to equipment over that 
inherent to a variable speed locomotive such as one operated by 
steam. 

As to the inflexibility of the induction motor, a few years ago 
I agreed entirely with Mr. Armstrong’s opinion, as expressed 
this evening, but I must confess that I have changed, and that 
change in my position has been very largely governed by our 
operation and analysis, together with contact with railroad men. 
These motors operate so satisfactorily that the dispatchers and 
tower men will despatch one of these constant speed trains ahead 
of a passenger train, definitely figuring on only a minute or two 
leeway, and know that the train is going to clear. You thus get 
the capacity out of the railroad because the dispatchers and tower 
men know that trains will start and clear in a certain number of 
minutes and that the first-class trains will not be held up. In 
the case of steam operation, when they give a train a clear track 
they do not know when it is going to clear. 

The operation of the induction motor for regeneration is 
exceedingly simple, and the ease with which it is operated has 
resulted in the men using the air brake only when they really 
have to, that is, to come to a standstill. Even in light train 
or single locomotive operations it is not unusual for them to 
regenerate, because it is the simple and easy way of governing 
the train. 

Every one who has ridden on a mountain grade knows that 
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the dropping of a train down a grade is not at constant speed or 
anywhere near constant speed. The train hunts in speed up 
and down the grade, and before you get the last service applica¬ 
tion to the brakes you are always more or less concerned and 
ereatlv relieved when you know that you have reached the 
foot of the grade. In swinging over to constant speed regener¬ 
ation, while going over the summit of the grade, the operation is 
simply the switching of the levers to secure a little better opera¬ 
ting characteristic on the locomotive, it is not really essentia , 
and we take down a train of 103 cars, which is a pretty sizable 
train without touching the air and would not spill a drop ot 


water out of a glass in the caboose. „ 

Swinging into regeneration from start, on a down grade can be 
accomplished with about the same facility. There was originally 
some concern as to how we would tip the train over the summit, 
whether the head engine would not give a terrific surge to the 
train, but as I say, this is handled with great smoothness 

In taking a train down a mountain grade with this system, 
you feel as though it were tied; that is, the sensation when you 
go down with a constant speed locomotive, no running up in 
speed and no occasion, therefore, for any excess in tractive 
effort above the holding tractive effort. There is a vast differ¬ 
ence between the adhesion required to start a train on a grade 
and the adhesion required to hold that same train going ^ own. 
a grade. By that margin this inflexibile characteristic is ad- 

^^W?are taking 3250-ton trains down a pitch of 2.4 gradient 

from the head end without touching the air. 

adhesive limit you would ordinanly assime. 

regularly, a dozen or twenty times a day. if, tor ariy 

relson, the rail is bad, you can very readily 
with a light brake application, and take part of the retarding 
effort with the train brake. I may say that retainers are not 
used, they have not been found necessary to secure smooth con- 

trol of the retardation. ^ _ 

If the engineer should for any reason dunng 
handle the train brakes improperly—and, by the 
more opportunity to wreck a train by 
air-brakes than in almost any other way—the 
characteristic in the induction motor shows ^ ’ 

for the speed of the train is absolutely held until the train brakes 
have fun control of the train. The train b^es must Pos 
have control of the train before the locomotive f^aUrmn 

loses its holding power, and therefore it is a perfectly safe an 

smooth operation, simply to shut off the 

In bringing the train to a stop on the grade, the brake applica 
tion is always made first, and as soon as the motor ceases hold¬ 
ing the tr Jn is under full control by the air Wianes 
fully charged, there is no chance of running up, and the tram 
is slowed down from its constant speed of fourteen miles an hour. 
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The men who handle these constant speed motors are delighted 
with their inflexible speed characteristics and it is noteworthy 
that on regeneration there has never been a case of slid wheels 
or train broken in two. 

A, Behrend: We have discussed the subject of the elec¬ 
trification of trunk lines for the past ten years. The situation 
seems to be about the same today as it was ten years ago in 
regard to unanimity of opinion as to the best system available. 
Mr. Wynne's paper and Mr. Shepard's able discussion of it have 
demonstrated without doubt that single-phase generation and 
single-phase distribution to single-phase-three-phase locomotives 
has been successfully executed on the Norfolk and Western Rail¬ 
way. Mr. Armstrong's discussion has reminded us that high- 
voltage d-c. distribution to high-voltage d-c. locomotives can 
be, and also has been, successfully carried out on a large scale. 
We ^ are further aware that single-phase generation and distri¬ 
bution to single-phase locomotives has worked out successfully 
on the New Haven Railroad. It remains only to raise the point 
whether the difficulty of three-phase distribution is such as to 
make impossible the use of three-phase generation, three-phase 
distribution, and. three-phase locomotives. Unless the use of 
two Volleys, which three-phase distribution necessitates, is as 
prohibitive as the railway engineers make us believe, it would 
permissible to resort to the additional complications 
01 adding on each locomotive a single-phase three-phase synchron- 
ous converter. It must always be borne in mind, as has fre- 
(^ently been stated since the advent of the single-phase railway, 
that the generation of single-phase currents is a very uneconom¬ 
ical process, involving problems of design of single-phase genera¬ 
tors which are very difficult of satisfactory solution. It must 
always be borne in mind that the best single-phase generating 
plant conceivable, if it were to be utilized for three-phase genera-' 
ion, would, electrically, almost be doubled in capacity merely 
by the utterance of that magic word three-phase for single-phase. 
After all, then, perhaps, such great engineering achievements as 
tte electrification of the Norfolk and Western Railway, or the 
Chicago,. Milwaukee and St. Paul Railway, must be described 
as the least unsatisfactory solution of a difficult problem rather 
th^ as the most satisfactory solution that can be devised 

T 1 . y,' believe in one system or the other, 

I tninh that all of the systems have shown that the electrical 

another can move the freight and the 
passenger traffic on big trunk line railways more economically 
more reliably and more satisfactorily than the steam locomotive' 
Each system, as Mr. Behrend has said, accomplishes the result’ 

N f best system in the end, I believe nobody 

steam\Slwa^ TZ SHes^sS.""" "" 

application of three-phase 

motors to heavy work. I think we all concede that this heavy 
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coal-bearing traffic is the best place in which the three-phase 
motor could be put. The three-phase motor has the great 
advantage of being able to regenerate power with the simplest 
and easiest connections. It has the disadvantage that it is a 
constant speed motor, and that it is very sensitive to changes 
in voltage. That is one point on which I would like to ques¬ 
tion the author,—what variation in voltage at the locomotive 
has been experienced in practise, and whether this loss in volt¬ 
age has been found to be of any great disadvantage. We are 
aware that the torque of the induction motor decreases as the 
square of the voltage. 

The phase converter is a very interesting piece of apparatus, 
which meets the railway operator’s criticisms of the polyphase 
motor, in being able to take single-phase currents and convert 
them to three-phase currents and give the polyphase induction 
motor the currents it needs. At the same time, it adds one more 
link in the chain as to reliability and as to drop in voltage. It 
adds certain increase in weight, and we have then the question— 
Is it worth while? 

This regeneration is of very great value in saving equipment by 
holding the trains on the curves, but it requires additional care 
in management. On this road is the traffic sufficiently great so 
that the regenerated energy from trains going down grade may 
be taken care of adequately by trains going up grade, or is some 
regulating device provided, so that in case trains are only going 
down grade and none going up grade, the excess energy will be 
absorbed somewhere? 

R. E. Hellmund: The previous speaker made reference to 
the sensitiveness of the induction motor to voltage variations. 
It is quite true that the torque of the induction motor varies 
with the square of the voltage, but on the other hand it is not at 
all difficult with these large motors to design them for torques 
very much in excess of the rated torque. With the^Norfolk and 
Western locomotives, for instance, I believe the slipping point 
of the wheels is about, I should say, 200 per cent of the rated 
load of the motors, while the motors are good for 400 per cent at 
normal voltage. Thus you can readily see that assuming^20 
per cent voltage drop, or even 25 per cent, and a corresponding 
drop of 40 or 50 per cent in torque, the motor torque will still 
be in excess of the slipping point of the wheels, in other words, 
there is always plenty of torque to get started. _ After the motors 
are once up to speed, the variation of voltage simply means that 
the load current will change; it will increase inversely propor¬ 
tionate to the voltage; however, the increased copper losses 
caused thereby are largely compensated for by decreased core 
losses, and foi: that reason it is a matter of fact that the induction 
motor will run with pretty nearly the same temperature with 
voltage variations of 10 to 20 per cent. Of course, that depends 
somewhat on the detail design, but as a rule there is not much 
difficulty in taking care of the voltage variation. 
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Charles F. Scott: We have before us certain railway per¬ 
formances. In steam railway operation there is no performance 
equal to that which has been described here this morning. 
Trains of over 3000 tons have been run up grades at the rate of 
14 miles an hour, train after train, in regular and heavy service. 
After the long development of steam locomotives, a dozen 
or so of the electric locomotives are doing the work of something 
like thirty of the best steam locomotives that could be obtained. 
The electric train service is something like twice what is possible 
with steam, i.e., the highest speed and power found practicable 
in steam operation have been doubled in electrical operation 
and the capacity of a congested track has been doubled. 

In comment, what are some of the questions which are asked? 
Som.e inspect the outfit with a sort of microscope and say, “ This 
might be different, or that might be different.'’ One of the 
gentlemen who took part in the discussion this morning, is artisti¬ 
cally pessimistic. He says about the generator—“ Why, if it 
were a three-phase generator, you could get twice as much out 
of it.” Surely, but the generator is a small part of this system. 
Moreover, is not the generator on the basis of kilowatts output 
per pound of generator, giving a performance comparable to 
that of any generator, a dozen years ago? 

A question has been raised about two trolley wires. Would it 
not be better to use them instead of putting in the phase con¬ 
verter? Is this not a simple matter of detail, a matter of com¬ 
promise, between the mechanical objections to running the extra 
trolley, and the objections to putting a little more apparatus on 
the locomotive? It is really calling on the electrical system 
at the two ends to bear the brunt of the mechanical objections to 
the additional trolley. If the three phase system had been 
employed on the line as well as the locomotive there would 
have ■ been required two overhead high-voltage contact wires 
instead of one; two current collecting devices on each locomotive 
instead of one; two oil switches instead of one; transformers 
for three phases instead of one; a three-phase motor for driv¬ 
ing the blower and compressor instead of a phase converter 
which serves the double service of phase converter and motor. 

It has been alleged that the induction motor does not permit 
a higher speed on level track; but in this particular case the 
change in the number of poles secures a speed of 28 miles, or 
double that employed on the grade. This is a higher speed 
than would ordinarily be obtained from a direct-current equip- 
.ment. 

True, electrical engineers do not agree among themselves, on 
all plans and details. But, our variations are no wider than 
those in steain locomotive practise. The probl^S which the 
steam locomotive designers have been working on for nearly a 
century, have been solved electrically. A kind of apparatus 
was required which had not been built before, combining 
a great many new types of elements, and a great many elements 
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of common type, but designed in new fashion, so that they can 
work together on a large scale, and we utterly outdistance steam 
practise. 

If the new locomotives are hauling more coal and giving rail¬ 
way service superior to any ever given before, it is a little un¬ 
complimentary, at least, to say—“Well, that is probably the least 
unsatisfactory thing that could he done/^ Of course it is, if we 
have done the best thing possible, exceeding anything which was 
done before, of course it is the “ least unsatisfactory.“ That 
particular system is b 3 st which in a given case performs the 
service at the least cost. 

William Arthur: When you stand back and look at what has 
been accomplished on an electrification such as the Norfolk and 
Western, you get a new perspective. Talk, such as we have 
heard about retainers, whether single-phase generation was highly 
efScient, when compared with some other system, and other 
relatively unimportant details seems to me very largely im¬ 
material. The weight of the locomotives too, has been compared 
and one member referring to the locomotives on the Norfolk 
and Western, mentioned the fact that they had to carry the 
phase converter. A locomotive must possess weight in order to 
fulfill its functions. No one can conceive of a weightless loco¬ 
motive doing any work. You have to get the grip on the rail 
and sufficient power must be applied to the wheels to maintain 
the adhesion which the engineers decide is necessary. That 
today can be done with any system. The question of the 
weight of the locomotive as between the various systems is 
today relatively unimportant, although a few years ago when 
we had only low voltage, direct-current and single-phase, to 
compare it was of more importance and there was then usually 
a difference between the weight of the two types for the reason 
that the low voltage d-c. motor considered alone, will always 
be lighter than a motor of the same capacity but of the single¬ 
phase type. 

This is not true to-day of the locomotives as a whole. The 
problems entering into the weight question, the space problem, 
the means of ventilation, etc., are such that taking the modern 
locomotives of the various types and comparing them, there is 
but very little difference between them. To-day locomotives 
can be built on any system, particularly for freight service, which 

have practically the same weight. 

H. M. Hobart: I do not share Mr. Behrend’s pessimistic 
view that it is a question of choosing the least unsatisfactory of two 
very unsatisfactory solutions. I think it is a question of which 
is the most satisfactory of a variety of excellent solutions. On 
the other hand, I do not agree with Prof. Scott, and some others, 
that engineers, can say that the sole test of success is technical 
success. Engineers must continue to strive to get the best sys¬ 
tem possible. Because a system works and works excellently, 
it does not mean that it is the best system, and we will all admit 
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that in the long run the object is to find the most excellent sys¬ 
tem, and that is decided on the basis of dollars and cents. 

It is surely not necessary at this time to review the distin¬ 
guishing features of each particular system, three-phase, direct- 
current and single-phase. What has always exasperated me is 
that we did not sit down ten years ago, or earlier, and actually 
settle on paper that which could have been absolutely and con¬ 
clusively settled on paper. I do not for my part see why it should 
have taken engineers ten years to conclude that the single-phase 
generator is out of all proportion heavier and more expensive 
for its output than the three-phase generator. Right up to 
very recently, whenever in papers or discussions I assigned to 
the single-phase generator any approach to its actual and now 
widely admitted degree of inferiority, it was stated that my repre¬ 
sentations were seriously exaggerated. 

Mr. Behrend estimates a superiority of the order of 2 to 1 
for a three-phase as compared with a single-phase generator. 
As I have already stated, it has been very difficult to find recog¬ 
nition of the fact that the inferiority of the single-phase generator 
is of such magnitude as to be of any consequence. Mr. Behrend, 
however, recognized this at an early date and it is of interest to 
recall his statement of ten years ago in an article, in CassieNs 
Magazine to the effect that: “ The very much reduced output 
of both generators and motors, if operated single-phase; the 
reduced efficiency; the impaired regulation; the increased heating 
and less stability of single-phase motors and generators, con¬ 
nected with the increased cost resulting from the greater amount 
of material required; these form the main reasons which induce 
me to call the recent attempts which have been made in the 
utilization of single-phase currents, a forced idea.’’ 

Professor Scott, in alluding to the inferiority of the single¬ 
phase generator said: “ What of it, it is only one link in the 
system?’ ’ In reference to the greater cost of a locomotive having 
a phase converter on it, we might say “ What of it, it is only one 
link in the system?” But they all count up, and we must take 
account of each link. We are not concerned to get the most 
novel system, or to get something which technically works with 
great satisfaction, if it is economically inferior. It is quite 
incumbent on some one, and I have taken upon myself that duty, 
to remind you of what we all know very well, that the engineer 
must strive to obtain the most economical result. 

F. E. Wynne: I agree with Mr. Hobart that it is very desir¬ 
able to obtain some figures regarding the economics of operation 
of all electrifications which have been made. On that question, 
if he will refer to the last sentence of the paper, he will note that 
we make the following statement: “ Presumably, the railway 
company will at some time in the future give statistics showing, 
better than is now possible, the heavy traffic and severe service 
which electrification is successfully meeting in this installation.” 
When I wrote that I had in mind also the economies of operation 
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on this road. Such information was not available for publica¬ 
tion at that time. 

One of the best features in the induction motor is its constant 
speed qualities, which insures adherence to schedules, which the 
variable speed motor does not necessarily do. Like Mr. Shep¬ 
ard, I used to be very strongly on the other .side of the fence, 
and thought there was no possibility of an induction motor being 
of any use on a railway. Following the operation of the Italian 
State Railways, and also having seen the operation on the Nor¬ 
folk and Western, I must say that I am. convinced that it has a 
very good field, and that the constant speed characteristic is not 
altogether, in fact, it is very far from being altogether, a disad¬ 
vantage in this tvpe of engine. 

Mr. Shepard stated that the retainers are not used at all on this 
road for assistance in braking. If any other system of electrifi¬ 
cation requires the use of retainers in order to get over the brow 
of the hill, it is certainly a serious handicap to that system. ^ The 
correction for wheel variation which is mentioned as a possibility 
has not yet been found necessary in practise. ^ So far the in¬ 
dividual motors take whatever unbalancing is found due to 
difference in wheel diameter. It may be found dCvSirable to 
stand for the slight rheostatic losses entailed at a later date 

when the wheels get worn more. 

Mr. Behrend’s question, which he said he would ask if he 
dared, was why this installation was not three-phase through¬ 
out; that is, three-phase generation, transmission, conver¬ 
sion, distribution, and propulsion. There are two ways in 
which I think that can be best answered—one is that the Great 
Northern Cascade Tunnel, three-phase installation, has been in 
operation for a number of years, and since that time I know of 
no other case where a three-phase installation has even been 
proposed, not to say, been installed, in this countr}^ Secoiid, 
there seems, as Mr. Behrend mentions, to be a decided prejudice 
against two trolley wires in this country. I think if he would go 
over the Norfolk and Western electrified zone he would probably 
also become prejudiced against the use of two wires over each 
track. It would be an exceedingly complicated piece of over¬ 
head work, and as there are nearly one hundred miles of trackage 
to be handled I hardly see why we should haridicap this one 
hundred miles of track and the problem of collection for the sake 
of getting two or three more efficient generators and eliminating 
a certain piece of apparatus from the dozen locomotives. 

Prof. Scott’s characterization of the split-phase locomotive 
as using the electrical part of the system to relieve the mechan¬ 
ical part is, I think, very happy. He also inquired as to whether 
the performance as measured by the train sizes and speeds had 
ever been equalled in steam operation. So far as I know, it 
has not. Very frequently there have been larger trains handled, 
but I do not think that the combination of train size and speed 
on such grades has ever been secured elsewhere. 
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Prof. Slichter asked what variation in voltage occurs at 
the locomotive. So far as I know, the variation has not exceeded 
25 per cent, and I think the track capacity together with the 
distribution layout will hardly ever permit it to exceed this 
value. 

Prof. Slichter also inquired regarding some kind of a shock 
absorber for regenerated energy. The traffic on any railway of 
necessity at times will have valleys where there is no load being 
taken from the power house—^it is not peculiar to the Norfolk 
and Western—and consequently in any system utilizing re¬ 
generated energy and supplying railway load alone, it will be 
necessary to provide at the feeding points, either substations or 
power house, a rheostat which will absorb the regenerated energy 
when there is no other load on the line. Such a rheostat is in 
use on the Norfolk and Western and operates a few times in the 
course of a day. 

In this discussion, there has been a tendency to emphasize 
details and to determine which present system is the least 
disadvantageous, or whether any one is the most advantageous. 
I think that is a biased point of view to take. We are all trying 
to improve the art of electric railroading, and I believe that every 
one here will agree that an art which has only thirty years* of 
history behind it, is not yet perfected. There is probably no one 
electric railroad system that is as yet perfect. We hope that 
some day the various systems may be perfected, and that it 
may be possible to determine for individual cases, which is the 
most advantageous system; and if such a thing is possible, 
we should like to see a single system on which we may stan¬ 
dardize. I think it will be some years before we get to any such 
point. Electrification is entirely too new and young at the 
present time. 



Presented at the fourth Midwinter Convention of 
the American Institute of Electrical Engineers^ 
New York, Fehrttary 9, 1916. 

Copyright 1916. By A. I. E. E. 


THE LIQUID RHEOSTAT IN LOCOMOTIVE SERVICE 

BY A.J. HALL 


Abstract OF Paper 

This paper describes the liquid rheostat in ®“’^nd 

giving in detail the arrangement of the mechanical parts an 

means for controlling it. 


L iquid rheostats in locomotive service were successfully 
used for the first time in this country to control three- 
phase induction motors on the Norfolk & Western locomotives, 
which have certain operating characteristics resembling ^ very 
closely those of the steam locomotive, especially the manipula¬ 
tion and the amount of abuse they will stand without being 

materially damaged. 

The principal functions required of these rheostats are as fol¬ 
lows: To cut out the resistance in the secondary circmt of the 
main motors while accelerating, or regenerating, to compensate 
for the slip between the different pairs of motors, due to t e 
variation in the size of drivers, and to make and break the current 
in the main circuit to reduce wear on the primary switches. ^ 

The main circuit schematic diagram, showing the connections 
of the liquid rheostat in conjunction with the rest of the equip¬ 
ment is shown in Fig. 1. _ . 

The rheostats are operated in pairs each pair having one 

operating mechanism, storage reservoir, cooling tower and cir¬ 
culating pump. r t, r -,1 

Figs. 2, 3 and 4 show the mechanical structure of the 

rheostat, which consists of one main casting, which is divide 
into four compartments, a central one and three arranged in 
triangular form around it. A set of electrodes is mounte in 
each of the three outer compartments. In each compartment, 
one electrode is grounded to the side of the main casting, an t e 
other is suspended from the top cover and insulated from groun 
by three porcelain insulators. The rods which support t e 
latter electrode are connected by copper straps on the outside 
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the cover. Each set of electrodes is connected through a pole 
change-over switch to the secondary of a three-phase motor. 
The electrolyte furnishes resistance between the insulated 
electrodes suspended from the cover, and those grounded on the 
side of the main casting, thus making the main casting the com¬ 
mon point of the star connection. The center compartment 
provides space in which a steel tube, T (Fig. 3), which can be 
raised or lowered, acts as an overflow pipe for the liquid. The 
height of the liquid in the rheostat is thus varied by the position 
of the overflow tube. The electrodes are made up of iron plates. 



Fig. 1—Schematic Diagram of Main Circuits of Single-Phase Loco¬ 
motive WITH Liquid Rheostat Control for Induction Motors 

The effective area gradually increases and the resistance in the 
circuit decreases as the surface of the liquid arises. 

Two of these rheostats are mounted on top of the main supply 
tank containing the electrolyte, which consists of a 0.5 to 1 per 
cent solution of anhydrous sodium carbonate (NA 2 CO3). The 
intake to a pump which will circulate approximately 300 gallons 
(1135 1.) per minute is connected to the supply tank and the 
outlet is divided into two paths which lead into the bottom of the 
rheostat castings mounted on top of the supply tank. The upper 
portion of the regulating or overflow tube (T) is about three in. 
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(^7.6 cm.) sixiBllcr in dis^mctcr the lower portion, so tlis-t when 
this tube is at its lowest position, there is a space (5) around the 
valve for the liquid to how through from the rheostat to the 
supply tank without coming into contact with the electrode. 
When the overflow tube is raised, the upper portion of the larpr 
part of the tube comes in contact with the valve seat, preventing 
the liquid from flowing through. It then flows over the top of 
the tube, raising the level of the electrolyte in the rheostat and 



submerging a portion of the electrodes. This position is called 

the '' flush-level ’’ of the rheostat. 

The operating mechanism in the center of the rheostat is 
controlled by a balanced pressure operating mechanism which is 
mounted above and between the two rheostats. The crossarm 
extending from this mechanism is connected to each of the tw'O 
overflow tubes by a rod. Thus the raising or the lowering of this 
crossarm raises or lowers the level of the liquid, which in turn 



















170 HALL: THE LIQUID RHEOSTAT [Feb. 9 

varies the surface of the electrodes submerged. The entire 
control of the locomotive centers about the liquid rheostats, 
which are so designed that the engineman can bring his locomo¬ 
tive up to speed with practically an infinite number of steps. 

The master controller, Fig. 5, consists of two separate and 
independently operated drums, neither of which is mechanically 
interlocked with the other, but both are interlocked with the 
reverse drum, so that both handles must be in the off ” posi¬ 
tion before the reverse drum can be thrown. The speed drum 
has four '' on ” positions to set up the required combination of 
pole change-over drums, reverser and primary switches. The 
two main positions are the 14-mi. (22.5-km.) per hr. and the 
28-mi. (45-km.) per hour. Between the 14-mi. (22.5-km.) 



Fig. 4—Sketch Showing Horizontal Arrangement of Rheostat 

Tanks 

per hr. and the ‘^off” position, there is a notch which will 
give a 14-mi. (22.5-km.) per hr. combination on one truck only 
in each unit. This position is useful for handling alight engine, 
switching, or starting up a long train of empties. The other 
position is between the 14 and 28 mi. per hr. combination. This 
is for changing over from 14 to 28 mi. per hr. without losing 
tractive effort or causing sudden jolts in the train while chang¬ 
ing over. The transition is made by first changing over one 
pair of motors in each unit to 28 mi. per hr., and as soon as the 
rheostat for these motors has reached the flush level position on 
the 28-mi. per hr. combination, the speed handle is moved to 
the full 28-mi. per hr. position, which will thus change over the 
remaining pair of motors. 

The accelerating drum has three operating positions, marked 
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lower,” hold,” and raise.” These terms refer to the level 
of the liquid in the rheostat. 

In addition to the master controller, an auxiliary controller, 
Fig. 6, is provided, in which are located levers for the control 
of the’pantagraph, phase converter, etc., and a set of levers by 
means of which the load on each pair of motors may be governed 
independently. This independent control is provided so that 
any difference of load between the various trucks may be cor¬ 
rected, such as that due to difference in wheel diameter, vana- 
tion in electrolyte, etc. It is also advantageous in the event of 
one truck slipping its wheels. When this occurs, the torque on 
this truck can be reduced until the wheels again catch the rai . 

It can then readily be brought back to full torque without re¬ 
ducing the torque of the remaining drivers. ^ _ 

When the rheostats are full of liquid, the proper short-circm - 
ing switches are closed, short-circuiting the motor secondaries. 
These short-circuiting switches do not come in until the operating 

mechanism is in the full on ” position. u• x* 

Two limit switches are used, one for each speed combination, 
their function being siniilar to an overload trip, except that they 
do not open the main circuit. Should the torque exceed a pre¬ 
determined amount, the limit switch will open the control cir¬ 
cuit of the liquid rheostat operating mechanism, and thu,s lower 
the level of the electrolyte, inserting more resistance m the 
secondary of the motor. These limit switches are espemlly 
useful for preventing the motors on the rear locomotive from 
being overloaded when the train is being brought to a stop. 

The cooling tower for electrolyte consists of a series of me me 
trays, the liquid flowing over the trays while air is blown over 
the surface of the liquid to dissipate heat by vaporization. A 
supply pipe for the cooling tower is connected to^ the mam cir¬ 
culating system near the outlet of the pump.^ This wi y pass 

a certain amount of liquid which, after flowing over t e sur ace 

of the trays; hows back into the supply tank. 

The cooling tower operates whenever the locomotive is m 
service; the rate of cooling varies according to the temperature 
of the liquid—the hotter the liquid, the more elective the cooling 

tower becomes. ^ ^ 

The results obtained in this severe service, in hexibility ot con- 

■ -trol, capacity and ability to withstand extraordinary duty, 

demonstrated conclusively the advantage of this met o o 

control. 
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Discussion on “ The Liquid Rheostat in Locomotive Ser¬ 
vice ” (Hall), New York, February 9, 1916. 

C. D. Knight: The ordinary industrial liquid rheostat. Fi g. 1, 
used considerably for mine hoisting work, consists of a large tank 
with a chamber at the top containing the electrodes and movable 
weir, controlled through a system of levers by the hoist operator. 
The position of this weir determines the level of the water. 

An electrically operated pump having usually a capacity of 
about oOO gallons a minute pumps the electrolyte from the lower 
part of the tank to the upper chamber in a predetermined period, 
usually five to twelve seconds. When the weir is brought to its 
lowest position the upper chamber is emptied, the electrolyte 
dropping into the lower part of the tank, where its temperature 
is lowered by means of cooling coils. 



Mr. Hall has told us that his method of cooling the electrolyte 
is by running it over a certain number of cooling trays. The 
capacity of a liquid rheostat depends to a great extent on the 
safe running temperature at which the electrolyte can be main¬ 
tained. As Mr. Hall has shown us only the general construction 
and overall dimensions of his rheostat without any information 
regarding the cooling trays, I should like, very much to have 
him give some further infonnation with reference to the size 
and cooling capacity of the trays; also some information regarding 
the electrical characteristics of this rheostat. In other words, 
what amperes and volts can be carried for intermittent and con¬ 
tinuous duty, as there are very few figures in the paper, which 
would go to show the actual capacity of the device. 

The characteristics of induction motors require more or less' 
resistance in the rotor circuit for relatively long periods, and 
considerable energy must be dissipated. How much does this 
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amount to, and how much water would be evaporated under 
operating conditions? He states that in this type of device you 
can use as much water as you please, bearing in mind that there 
is a big supply of water for cooling, I vShould like to know how 
he keeps a constant solution if he is continually evaporating the 
electrolyte and refilling the tank with fresh water. 

Mr. Hall also states when the rheostats are full of liquid the 
proper switches are closed, short circuiting the motor second¬ 
aries, and that these short-circuiting switches do not come in 
until the operating mechanism ^is in the ‘^ full on^’ po- 
vSition. I wish to ask Mr. Hall if he has any interlocking ar¬ 
rangement, which insures that the motor secondaries are not 
short circuited during the accelerating period of the motor. ^ 

R. E. Hellmund: Mr. Knight asked how large the coolmg 
tower for the water is. As far as I remember , each of the cooling 
towers in which the water runs down and the air goes up, is 
about four to five feet high, two to three feet wide, and two feet 
six deep. It is very small as compared with anything else that 
could be done. The reason, as mentioned in the paper, is that 
the water evaporates and heat is dissipated in that manner. 

Regarding the capacity of the tower, I might say that at times 
the rheostat for one of the cooling towers takes care of 800 amperes 
with about 750 volts to start with during accelerations for periods 
of five or ten minutes, or even longer, and I have also seen 
it operate for periods of ten or fifteen minutes at one time, 
when the signals are against the train these loads are often m- 
peated several times without causing trouble of any kind, ihe 
only difference that can be noticed under such severe conditions 
is that some steam comes out of the cooling tower exhaust. 

As mentioned by Mr., Knight, the evaporation of 
will, as a matter of course, change the solution, but we find that 
the rheostat is not at all sensitive in that respect, and by adding 
a few gallons of water about once in twenty-four hours, it can 
poQ-ii'y taken care of. 

Mr. Knight asked if there was any interlocking systein which 
assures that the short-circuiting switches do not come in until 
the water is at high level. There is such an interlocking system, 
consisting of contacts which are located at the top of the rheo¬ 
stat, and are closed by the water when it gets there. This in¬ 
sures the reliable operation of the rheostat. 
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CHATTERING WHEEL SLIP IN ELECTRIC MOTIVE 

POWER 


by G. M. EATON 


Abstract of Paper 

The paper shows that chattering wheel slip is charactenstac. 
of all types, of electric motive power. The application of the 
motive power in the electric and steam drives is compared, a 
the reasons for the chattering wheel slip and the means of meas- 
uring and rectifying the same are given. 


W HEN THE steam pressure in. the cylinders of steam motive 
power is high enough to start slipping of drive wheels, 
their acceleration is fairly uniform and rapid, the load on the 
piston being well sustained on account of late cut-off and stored 
steam in pipes, receivers, etc. 

In contrast to this, with electric motive power, regardless ot 
the method of transmitting the. tractive effort from the rotors 
to the wheels, the acceleration after slipping starts is liable to 
be erratic, being dependent upon the distribution of rotatmg 
masses, and upon the characteristic of the coefficient of friction 

between wheel and rail. 

The fundamental difference between the running gear of steam 
and electric motive power is that in the steam locomotive, the 
only moving part.s having relatively high moment of inertia 

are the driving wheels. 

In an electric locomotive, the moment of inertia of the rotors, 
especially when operating through a gear reduction, may be as 
great as or greater than that of the driving wheels. 

The combined inertia of connecting rods, cross-heads, piston 
rods and pistons is practically negligibh as far as it affects 
acceleration of driving wheels after slipping starts. In an e ec 
trie locomotive, when slipping occurs, the sequence of events is 

as follows, regardless of the type of drive: 

Current is applied to the motor and the rotor starts to turn. 
Clearances in the entire transmission mechanism are first elim¬ 
inated. Then, as the torque is increased, the metal of the 
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transmission, framing, etc., is bent and twisted, or otherwise 
deflected. This stressed metal becomes a storage battery of 
energy. Finally the tractive effort reaches a value sufficient 
to overcome the existing adhesion at the rail (coefiicient of 
friction of repose), and the wheel starts to slip. The instant 
relative movement occurs between wheel and rail, the coeffl- 
cient of friction drops from that of repose to that of relative 
motion. There is, therefore, an opportunity for the stressed 
metal to start discharging its stored energy, since part of the 
resisting force has disappeared. This energy is expended in 
accelerating the wheels ahead of the angular position they oc¬ 
cupied relative to the rotor at the instant slipping started. 

It is necessary next to analyze independently the two divisions 
of the rotating system, namely, rotors and wheels. 

Since the wheels are being accelerated ahead of the rotors, the 
rotors are losing their load and will tend to speed up. This is 
true not only of motors of series characteristic, but also of induc¬ 
tion motors when running below synchronism, as will ordinarily 
be the case in traction work when the wheels slip. In fact, 
the induction motors, because their generated counter e. m. f. 
with increased speed is less than with series motors, will hold up 
their torque better and, therefore, accelerate faster. The induc¬ 
tion motor, in this particular, more nearly approaches the steam 
locomotive, in which, at starting, steam is cut off as late as pos¬ 
sible in the stroke, so as to get the maximum starting trac¬ 
tive effort. 

Analyzing next the other division of the system, the adhesion 
at the rail will decrease as the velocity of the wheel tread rel¬ 
ative to the rail, increases. The effort being transmitted through 
the transmission system, however, will decrease very rapidly, 
due to expenditure of stored energy, and as soon as this effort, 
which is ttoding to accelerate the wheels, becomes less than the 
adhesion at the rail, -which is tending to retard the wheels, the 
wheels will evidently start to slow down. 

There are, then, two sets of rotating masses mechanically 
coupled, the masses at one end of the system accelerating, and 
those at the other end, retarding. As soon as clearances in the 
transmission are taken up, there is liable to be a jolt on the me¬ 
chanical system, accompanied by a recoil. This gives the setting 
for chattering action, and such action has been experienced in 
practically every type of electrically-driven rolling slock where 

the motors are sufficiently powerful to slip the wheels at high 
adhesion. 
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This occurred on the geared freight and passenger locomotives 
whose transmission is shown in Pig. 1. The quill arms at the 
point marked A hit against the wheel spokes at the point marked 
By Pig. 2, and more or less breakage of these arms occurred. It 
was found, however, that the arms which broke had blow-holes 
in the interior of the castings, and after these defective castings 
were eliminated, the breakage practically ceased. 

In later locomotives in the same service equipped with two 
motors per axle, the change in armature inertia eliminated this 
striking. Chattering slip stilt occurred, but the capacity of the 
quill springs was vSufficient to limit the amplitude of swing to a 
distance less than the existing clearances. 

A certain amount of similar striking again occurred in some 
switching locomotives, but here again the parts were strong 
enough to stand the service. 

p 

-ft 



Fig. 5—Hand-Operated Devices for Recording Chattering Slip 

The same characteristic is occasionally observed in city and 
interurban cars, although this is much less frequent than in 
heavy hauling electric locomotives. This is due to the greater 
tractive power in proportion to the weight which is employed in 
the latter type of motive power. 

In case of freight locomotives where the motors are geared 
directly to the axles the same phenomenon has been observed. 

On the Norfolk and Western locomotives, chattering slip 
occurred in the running gear shown in Fig. 3. After the locomo¬ 
tives had been in service for some months, evidences of failure 
were detected in the crank pins. The cause was traced to 
chattering slip by means of a rough oscillograph, as shown in 
Fig. 6. The brakes were set on three trucks, and the oscillograph 
frame was set up on the fourth truck. The wheel tread was 
chalked. The oscillograph frame was oscillated about its sup- 
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porting points A , Fig. 5, the amplitude of oscillation being two 
inches. The time of complete oscillation was two seconds. The 
scribers were pressed against the wheel 
tread. The wheel treads were then slipped, 
and the characteristic diagram of the chat¬ 
tering slip was obtained, as shown in Fig. 6. 

The analysis in the figure is self-explana¬ 
tory. By means of this diagram, it was 
possible to figure approximately the forces 
necessary to produce the acceleration and 
retardation which occurred, and the re¬ 
sultant stresses in the rods, pins, etc., were i 
calculated. 2 
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To check the oscillograph figures, ex- 
tensometers were arranged, as shown in 
Fig. 7, by means of which the connecting 
rods indicated their own stresses. The 
extension and compression of the rods 
were recorded by means of the compression 
of blocks of lead. This is evident from a 
little study of the figure. 

The two methods checked within a very 
few per cent. On the basis of the results, 
new rods, pins, etc., were applied on the 
locomotives. These have proved adequate 
for the service. 

This chattering slip was more evident on 
the Norfolk and Western locomotives than could have been antici¬ 
pated, since this was the first time electric haulage had been 
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applied in service where such extremely high tractive efforts 
were required. 

The phenomenon had never been observed on the locomotives 
with transmission as shown in Fig. 4. After it was experienced 
on the Norfolk and Western, however, permission was secured 
to make a test on the locomotives shown in Fig. 4. The wheels 
were slipped several times in succession in the same spot on the 
rails, and on the third slip, chattering occurred. 

In all heavy hauling electric motive power, this problem must 
be considered, with every type of drive. The great number of 
variables entering and the wide fluctuation of certain of these 
variables render broad experience necessary in securing a success¬ 
ful solution of the problem. This has been gone into deeply and 
quantitatively by the writer and his associates, together with 
engineers of the locomotive works, with elaborate special testing 
apparatus, but it has been considered necessary to eliminate all 
quantitative values from this brief paper. 
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Discussion on “ Chattering Wheel Slip in Electric Motive 
Power” (Eaton), New York, February 9, 1916. 

S. T. Dodd: It occurs to rae that chattering wheel slip is 
exactly the same phenomenon which has been reported on a 
good many European side-rod locomotives. Of course, the 
European designers have had more experience than we have had 
in designing various types of side-rod locomotives, and there have 
been reported in the foreign technical press several failures of 
this type of locomotive. I have in mind principally a couple 
of reports in German papers in regard to the Loetchberg loco¬ 
motives. These locomotives, as you will remember, have char¬ 
acteristics which would increase the possibility of such a thing 
occurring. They have two very large motors of about 1300 h.p. 
each, geared to jack shafts the jack shafts, tied together by Scotch 
yokes, which in turn are connected to the driving axles by side 
rods. In the papers I have in mind, they describe the disturb¬ 
ance in these locomotives, as a '' shuddering ” motion occurring 
at speeds of 20 to 25 miles an hour. This is so intense as to 
break the cranks and the Scotch yokes, sometimes by tearing 
them apart by tension, and sometimes crushing them by com¬ 
pression. The papers I have made reference to discuss mathe¬ 
matically the motions and the stresses which occur in such a 
frame work as that, showing that these forces are proably due 
to the building up of mechanical resonance between the springing 
of the driving rod on one side, and the inertia of the very heavy 
armatures on the other. 

As far as I can see, that is what Mr. Eaton describes in his 
paper, in clear physical language, where the German writers 
describe it mathematically. The cure which the mathematical 
analysis pointed out was the introduction of springs of consider¬ 
able amplitude of motion as compared with the amount of dis¬ 
placement you would ordinarily get in the side rods. By 
inserting springs whose amplitude of motion could be measured 
in inches rather than in thousandths of an inch, they expected 
to eradicate these troubles. For the Loetchburg locomotives, 
spring gears were ordered sometime before the European war, 
but I have never heard that they were installed, or the results if 
they were installed. 

The question which occurs to me is whether Mr. Eaton’s 
chattering wheel slip is not another phase of exactly the same 
phenomena which appeared on the Loetchburg road and on 
many of the European locomotives, and whether a cure for it 
would not be found in exactly the same thing which was found 
as a cure for the European locomotives, that is, the introduction 
of a certain amount of spring, with a certain amplitude of mo¬ 
tion and, with a dead beat action which would damp out these 
oscillations before they could build up to any considerable extent. 

W. I. Slichter: About ten years ago I was called on to make 
some calculations as to the effect of the pulsating torque of single- 
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phase motors on the gears and transmission between the motom 
and wheels, and when I got my equation of friction, inertia 
and mass and elasticity of the material, I found I had an equation 
like that of a single-phase circuit, with resistance, inductance 
capacitance, and as soon as I had the equation I saw the solu¬ 
tion—change the inductance or capacitance _ so you no longer 
have resonance, and the chattering would disappear. 

Charles F. Scott: About six months ago Mr. Eaton was called 
down to the West Virginia mountains by telegraph to diagnose 
this difficulty described in the paper. He found that the wheels 
were slipping. His problem was to find out why they were 
slipping, and what to do to prevent it. 

He had at hand for his investigation of this oscillation all the 
refinements of the railway repair shop for supplying his physical 
apparatus, and his own initiative and^ ingenuity for devising 
the means of proceeding with the facilities at hand. The oscil¬ 
lations were scratched on a long strip of iron about 1/32 of an 
inch thick, and three or four inches wide, attached to the cir¬ 
cumference of the driver. A sharp point was drawn.across 
when the wheel began to slip. He had to try a good many 
times to get a record, and his actual record was a little scratch 
line on the rough piece of iron. Then taking that little wavy 
line, drawing tangents to it, getting the change in the rate of 
acceleration at different times and taking the moment of ^inertia 
of the wheel, he calculated the forces required for producing the 
recorded acceleration. Apparently, it was a very coarse, crude 
method. 

Looking at that connecting rod, you would think if anythirig 
was solid and would stay together, it would be that great big 
steel rod. It is apparently quite a number of inches wide and 
several inches thick. He wanted to find out how much the rod 
was being stretched, and what was the variation in length of the 
rod during the slipping. That kind of measurement would 
ordinarily require microscopes, and other apparatus which a 
well equipped physical laboratory would afford. ^ He proceeded 
to the repair shop and got a strip of iron and riveted it to the 
rod at one end—and attached it by a piece of lead at the other end. 
After this rod had gone through its vibration, he finds that the 
lead has changed a little in size, showing the amount of change of 
length between the great big side rod and the little constant 
length rod attached to it. Then from this elementary, simple 
method of measurement, he finds a very close agreement with 
the measurements made with scriber on the circumference of the 
driver. 

W. L. Merrill: This same phenomendn has been known and 
has given trouble for years in ordinary metal cutting, that is, 
I refer to lathes, principally. Now, undoubtedly the tires of the 
locomotives we have been discussing here had the same trouble 
develop when they were being turned up, if too hard a cut was 
taken. The matter is not serious, except in some kinds of drive. 
For example, a punching press which is foot operated; that is, 
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a fly-wheel is running all the time and the clutch thrown by a 
lever, if the press is driven by an individual motor, and this 
motor is controlled by an automatic starter, which depends on 
current flowing through some part of the mechanism for holding 
home the controller or the starter in the full-on position. If we 
have a heavy cut to make with this press, upon the releasing of 
the load as the die travels through the stock, the twist or what¬ 
ever you gentlemen choose to call it, that is put in the gearing 
mechanism at the time the fly-wheel is giving up its energy is 
immediately reversed the other way, and the current reverses 
through the motor, the motor shuts down and the machine stops. 
That is a simple matter and can be taken care of by putting on a 
type of starter which depends on voltage instead of current for 
holding it in position. 

The same thing occurs on lathes, when driven through the back 
gear, and several sets of gearing between the point of applica¬ 
tion of power which may be a belt, if too heavy cuts are taken or 
the angle of the tool is ground improperly. 

I mention that as being exactly the same thing as what we are 
discussing in the slippage of the wheels. % 

G. M. Eaton: Referring to Mr. Dodd’s discussion, there is a 
point of inherent difference between the chattering which occurs 
at the time that the wheels are slipping, and the “shuddering” 
which Mr. Dodd refers to as having occured in various rod- 
connected European locomotives. This “shuddering” is a true 
synchronous action occurring at a certain critical speed, and at 
higher multiples of this critical speed. When this “shuddering” 
takes place on a given locomotive and at a given speed, it is of 
a practically uniform frequency. Contrasted with this, the 
chattering occurring when the wheels slip, may be over a sur¬ 
prisingly wide range of frequency. The writer has observed 
it, (at a frequency p,er second of 3|, about 4, about 5, about 6, 
and up to as high as 33), on a given locomotive under conditions 
where the only observable difference was a probable variation 
in cp-efficients of friction between the drive wheels and the rail. 

This erratic action can be explained only by the presence of 
at least one very widely varying function, and this condition 
is met by the characteristics of friction between the rail and the 
drive wheel. 

The illustration brought^ out by Mr. Merrill fits very much 
better. In a lathe, the action of the tool in producing the chip 
may cause alternate smooth running and breaking of the chip, 
and this will provide the necessary setting for production of 
vibration. There are two or three other actions which may 
occur and give the necessary conditions. Cuts of various depths 
will alter the frequency. 

Chattering wheel slip has occurred in various locomotives 
where true resonance at high-speed running has never occurred, 
thus showing conclusively that the setting is different for the 
production of erratic chattering slip, and true resonance. 
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A METHOD OF DETERMINING THE CORRECTNESS 
OF POLYPHASE WATTMETER CONNECTIONS 


BY W. B. KOUWENHOVEN 


Abstract of Paper 

The object of this paper is to describe a method of checking 
the correctness of the connections of a polyphase watt-hour 
meter on a three-phase circuit; and to show that the methods 
most commonly used for this purpose are unreliable. Polyphase 
wattmeters are classified according to the number of their volt¬ 
age terminals and expressions giving the amount of energy 
theoretically registered by the meter are derived for all possible 
arrangements of the connections for each class. The correctness 
of these expressions was checked experimentally. The expres¬ 
sions are given in the form of tables. A study of these taples 
reveals the fact that the methods of checking the^ connections 
in most common use are unreliable. A method is developed 
which may be relied upon to check the correctness of the meter 
connections on a balanced three-phase circuit at any pov^r 
factor. Rules are worked out from this method, that make the 
rectification of incorrect connections simple. In addition to 
this, another method is described which may be used on balanced 
or unbalanced three-phase circuits at any power factor, provided 
the opening of one phase at a time is permissible. 


T his paper describes a method for ascertaining the cor¬ 
rectness of the connections of a polyphase wattmeter on 
a three-phase circuit. 

The accurate measurement of electric power is very important, 
and on three-phase circuits polyphase wattmeters have come 
into general use for this purpose. The liability of making mis¬ 
takes in the connections when installing these meters is well 
known and several methods of checking the connections are in 
use. Articles on this subject have appeared in the Electric 
Journal^ and in other publications, and the National Electric 
Light Association devotes several pages of its handbook to a 
description of methods for checking the connections. A canvass 
of some thirty power companies throughout the country brought 
out the fact that almost the only method of checking the con¬ 
nections in actual use is that of opening the voltage or current 
supply of each element of the meter in turn and not ing the direc- 

* See Bibliography at end of paper, 
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tion of rotation. This should be in the right direction if the 
power factor is above 0.5. However, not only is the above 
check unreliable, but also none of the other simple checks in 
use may be completely relied upon in identifying the correctness 
of the connections. It is possible for the meter to satisfy these 
checks and still be incorrectly connected. For this reason the 
writer undertook the study of the connections of a polyphase 
wattmeter. 

A study of all the possible arrangements of the connections 
was made, and the direction and rate of rotation of the disk 
was determined theoretically for each arrangement. The 
theoretical results were also checked experimentally. A simple 
method of checking the correctness of the connections of a poly¬ 
phase meter on a three-phase balanced circuit at any power 
factor was developed from the results.^ The assumption of a 
balanced load is justified by the fact that every customer re¬ 
quiring a polyphase wattmeter has at least one three-phase 
motor. Although the discussion is confined to watt-hour meters, 
the results apply equally well to other similar meters. 

The Investigation 

It is a well-known fact that a polyphase watt-hour meter 
consists of two separate single-phase elements acting upon a 
common shaft. Each element is provided with separate current 
and usually separate voltage terminals, and for the purpose of 
this investigation the meters are classified according to the 
number of voltage terminals provided. 

Class A contains those meters which have two voltage ter¬ 
minals for each voltage coil, or four voltage terminals in all. 
Meters of this class may be used with or without voltage trans¬ 
formers. 

Class B contains those meters which have but three voltage 
terminals. On these meters the ends of the voltage coils that 
are at the same potential are connected together and brought 
out to a common terminal. This class of meters may also be 
used with or without voltage transformers. 

Often in practise, especially when potential transformers are 
used, the two voltage terminals of a Class A meter that are at 
the same potential are con nected together. In such cases meters 

1. After the completion of the paper the writer learned that the 
method developed is not new. However, no mention of it was found in 
technical publications. 
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with four voltage terminals belong to the Class B type of instru- 
ments. 

Class C contains those meters which have but one voltage 
terminal. This terminal is the common terminal referred to in 
Class B. In Class C meters, the other end of each voltage coil 
is connected to one end of the corresponding current coil and 
brought out to a single terminal. Meters belonging to this 
class are seldom used with either voltage or current transformers 
and are usually of the house type. 

The number of possible arrangements of the connections is 
different for each class and therefore each class was considered 
separately. The number of different arrangements of the 
voltage connections is given by the expression 

y = /% 

where ir is the number of voltage terminals of the meter and r the 
number of different arrangements of the connections to these 
terminals possible. For each arrangement of the voltage ter¬ 
minals, there are sixteen arrangements or combinations that may 
be formed by the current connections and by the opening of the 
voltage leads. These are as follows: 

(a) Phase I and phase II connected correctly 

(b) Phase I reversed, phase II correct * 

(c) Phase I correct, phase II reversed 

(d) Phase I and phase II reversed 

(e) Phase I and phase II correct, voltage lead 1 open 

(f) Phase I and phase II correct, voltage lead 2 open 

(g) Phase I and phase II correct, voltage lead 3 open 

(h) Phase I reversed, phase II correct, voltage lead 1 open 

(i) Phase I reversed, phase II correct, voltage lead 2 open 

(j) Phase I reversed, phase II correct, voltage lead 3 open 

(k) Phase I correct, phase II reversed, voltage lead 1 open 

(l) Phase I correct, phase II reversed, voltage lead 2 open 
Phase I correct, phase II reversed, voltage lead 3 open 

(n) Phase I and phase II reversed, voltage lead 1 ope n 

(o) Phase I and phase II reversed voltage lead 2 open 

(p) Phase I and phase II reversed, voltage lead 3 open 

The presence or absence of current transformers does not in 
any way affect the number of arrangements of connections. 
However, this is not true of voltage transformers; and where 
their presence introduces additional arrangements of connec¬ 
tions, their action was studied. 

Class A Meters 

1 he correct connections of the Class A type of polyphase meter 
when used without voltage transformers is shown in Pig, 1. 
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Phases I and II of the three-phase line contain the current trans¬ 
formers which supply current to the current coils I and II of the 
meter, respectively. 

(In all of the figures used in this paper, the current coils are 
placed horizontally and numbered with the Roman numerals 
I and 11. The voltage coils are placed at right angles to the 
current coils, and their terminals are numbered according to the 
three-phase line to which they are connected.) 

The number of possible arrangements of the voltage connec¬ 
tions to the four meter terminals are in this case given by the 
expression 



-1 9 10 11 12 

Fig. 1 Fig, 2 


as two of the voltage terminals are connected to the same phase. 
Substituting the value of x we find that there are 12 possible 
arrangements of the connections. These are shown diagrammati- 
cally in Fig. 2. 

There are also 24 additional arrangements of the voltage con¬ 
nections possible. Twelve of these are formed by connecting 
two of the meter terminals to phase 1, one terminal to phase 2, 
and one to phase 3; the other twelve are formed by connecting 
two meter terminals to phase 2, and to phase 1, and one to phase 

3. All of these arrangements are incorrect. They are treated 
in Tables VIII and IX. 
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The first eight of these arrangements, Fig. 2, illustrate not 
only the correct connections, but also mistakes that are more or 
less commonly made. Wrong connections as illustrated by ‘Ae 
last four arrangements of connections are practically impossible 
except in meters where the terminals belonging to each element 
are not readily identified. Such connections are just as improb¬ 
able as the connections of the leads of a current transformer to 
the terminals of the different current coils. They have been 
included in this investigation only for the sake of completeness, 
and to prove that mistakes of this character may be eliminated by 
the method that will be outlined for the checking of connections. 

As each arrangement of voltage connections has 16 possible 
arrangements or combinations of the connections of the current 
coils, and opening the voltage leads, we have a total of 192 
theoretically different possible connections for this class of meter 
wild! tiscd. without voltfl-gc transformers. 

Calculation op the Theoretical Expressions 
In order to study the effect of any one of the 192 connections 
upon the operation of the meter it was necessary to derive the 
theoretical expression for each case, from which the rate of rota¬ 
tion of the disk could be calculated for any load. The following 
examples serve to illustrate the method followed and the mean¬ 
ing of the expressions found. 

Let P = the reading of the polyphase watt-hour meter. 

E = the line voltage 

Eu Ei, Ez, Ii, li and 1%, represent the phase voltages and 

currents respectively. • i u ^.t, 

$ 1 , $2 and $3 represent the phase angles respectively, h or tne 

purpose of calculations we shall assume a balanced load wit 
lagging power factor, and that the sys¬ 
tem is star-connected. Then we have 

Ey = Ei, = Ez, 

El ,3 = £2,3 = £1,2 = E 

h = I 2 , = h, = I 
and $1 = ® 2 , = d>3, = $ 

The power of the circuit is given by 

the expression (-f- cos $) J E. 

Calculation of the Value of P for the Case 1 (a ), 

Phase I and II Correct. j* 

The meter is connected as in Fig. 1 and the vector diagram o 

the circuit is shown in Fig. 3. 



Fig. 3 
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Now, 


jP — Ii El ,3 cos (3 0 — $) I^ E< 2 ,,z cos (30 -f- 


I E (^ cos $ + 


+ IE 


i sin #) 

( 


Vs ^ 1 

cos 2 


in 


We find that P — (+ Vs cos I E 
The value of P equals the actual power of the circuit and there¬ 
fore the connections, case 1 (a), are correct and the meter registers 
correctly the power consumed. It must be kept in mind that 
the use of the term correct applies to the connections only and 
not to the calibration of the instrument. 

Case 1 (b) Phase I Reversed, Phase II Correct. 

We have now for P the expression 

P =- - h El,3 COS (30 -<!>)+ /2 E2,3 cos (30 + $) 

P = (-- sin ^) / E 

The meter does not register correctly and will run in the wrong 
direction with lagging currents. At unity power factor it will 
not run. The connections are therefore incorrect. 

Case 1 (c) Phase I Correct, Phase II Reversed. 

We find that E = (+ sin /E 

The mfeter will run in the right direction but not at the. correct 
speed. The connections are' therefore incorrect. At unity 
power factor the meter will not register. 

Case 1 (d) Phase I and Phase II Reversed. 

We find P = (- Vs cos ^) / E 

The meter runs in the wrong direction and therefore the con¬ 
nections are at fault. 

Case 1 (e) Phase I and Phase II Correct, Voltage Lead 1 Open. 
For this we get 

p = ^ -j- A cos ~ sin / E 

The direction of rotation will change from right to wrong when 
the power factor changes from values above 0.5 to values below 
0.5. The connections are incorrect. 
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Case 1 (f) Phase I and Phase II Correct, Voltage Lead 2 Open. 

P becomes 

p = f + cos $ + sin I £ 

The meter runs in the right direction, but does not register 
correctly. 

Case 1 (g) Phase I and Phase II Correct, Voltage Lead 3 Open. 
For this case the value of P is indefinite. It may have the 
same value as 1 (e) or 1 (f) depending upon which of the leads 
3 is open; or it may equal zero if both of them are open simulta¬ 
neously. Therefore this case does not exist as a special case for 

this type of meter. 

The above examples of the derivation of the theoretical expres¬ 
sions for Pj with the addition of cases 2 (d), 6 (a) and 9 (a), will 
serve fully to illustrate the method of derivation. 

Case 2 (d) Phase I and Phase II Reversed. 

We find that 

P = - Ji £3,1 cos {tt - (30- «>)} - h E,,, cos {tt - (30+$)} 
p = (-|- Vs cos I E 

The meter will run in the right direction and register correctly 
the power, therefore the connections of case 2 (d) are correct. 

Case 6 (a) Phase I and Phase II correct. 

The vector diagram for this arrangement of connections is 
given in Fig. 4. 

P = /i £ 3,2 cos (90 + 4>) + /2 £3,1 cos (90 — 4>) 

P = 0 

The meter will not rotate and the 
connections are incorrect. 

Case 9 (a) Phase I and Phase II e 

Correct. 

P = h £ 1,2 cos (30 + 4>) + 0 

P = (+ cos $ - \ sin I £ 

The theoretical value of P for each one of the cases is given in 
Table II. The expressions are given in brackets and in every 
case the common term I E has been omitted from t e ta e. 
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Due to the fact that cases (g), (j), (m) and (p) are considered as 
non-existent, we have only 144 different cases or arrangements 
of connections for class A meters. 

Experimental Verification of the Formulas 

The correctness of the formulas was checked experimentally. 
The connections of a polyphase watt-hour meter were arranged 
in all of the possible combinations, and for each arrangement 
or case, the time of one revolution was determined at several 
different loads and power factors. The theoretical time was 
calculated from the derived expression for the given case, and 
the measured and theoretical results were compared. 

The load consisted of a three-phase synchronous converter. 
The power factor was varied by changing the field excitation 
and was determined from ammeter, voltmeter and wattmeter 
readings and was also checked by means of a polyphase power 
factor meter. Due to changes in the line voltage and to other 
factors the load could not be maintained exactly constant, and 
an exact check between measured and calculated results was 
therefore not always possible. 

As the time of one revolution is inversely proportional to the 
load, we have the relation 

Time of one revolution, Cas e._ Expression for Case 1 (a) 

Time of one revolution, Case 1 (a) “Expression for Case. 

For each load and power factor, the time of one revolution in 
seconds was measured with the meter connected correctly. This 
time was called the reference time and was frequently checked. 
As soon as the reference time was found, the connections were 
changed to those of the case under consideration and the time 
of one revolution at the given load and power factor measured. 
The theoretical time for the given case was then calculated 
from the above relation and compared with the measured time. 
In Table I are to be found the results of the tests made for 
cases 1 (a) to 1 (k) for three different loads at different values 
of the power factor, which was in all cases lagging. 

As has already been stated, Table II contains the expressions 
found for P for each of the 144 cases. These expressions were 
calculated under the assumption that the current was lagging. 
However, in order to adapt the expressions for use in instances 
where the current is leading, all that is necessary is to multiply 
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the sine terms by (— 1). The table also gives the direction of 
rotation of the disk for four different values of lagging power 
factor with each arrangement of connections. By the use of the 
table it is also possible in cases where incorrect or open connec¬ 
tions are found, to determine from the meter readings, when the 
conditions of the circuit are known, the actual kilowatt-hours 
that have been used. 

Checking the Connections 

From Table II we see that there are 64 cases or arrangements 
of connections where the meter will run in the right direction 
at some value of the power factor between unity and zero lagging. 
Forty of these 64 occur on open circuits and 24 when all circuits 
are intact. As all meters and instrument transformers are 
tested for open circuits before they are installed, these 24 cases 
are the important ones. We must therefore consider the problem 
of ascertaining some simple means for the identification of the 
correct connections among the 24 arrangements. We also 
learn from the table that there are four arrangements of con¬ 
nections which give correctly the power passing through the 
meter. These four correct arrangements of connections are 

1 (a), 2 (d), 3 (b) and 4 (c). 

One of the most common methods in use for checking the cor¬ 
rectness of the connections has been to open the current or 
voltage supply‘of first one element and then the other, noting 
the direction of rotation in each case. For power factors above 
0.5 this should give rotation in the right direction for either ele¬ 
ment, and for below that value, in the right direction for one 
element and in the wrong direction for the other. A study of 
Table II shows that this is true for the four correct cases 1 (a), 

2 (d), 3 (b) and 4 (c), and that at unity power factor it serves 
to eliminate all incorrect connections. Further study, however, 
shows that for power factors above 0.5 and below unity there are 
four other cases, 5 (c), 6 (b), 7 (d) and 8 (a), which also give 
continued rotation in the right direction when the voltage supply 
to either element is opened, and also that at 0.5 power factor there 
are four incorrect connections, namely, 1 (c), 2 (b), 3 (d) and 
4 (c), which give the same indications when the voltage supply 
is opened, as the correct connections. We also find that the test 
may be relied upon for power factor below 0.5. A knowledge 
of the power factor is essential for its application. 
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New Method of Checking Connections 

The method that the writer proposes for the checking of the 
correctness of the connections, is the interchange of voltage leads 
1 and 2. Then if the original connections were correct, the rota¬ 
tion of the meter disk will cease at any value of the power factor 
(leading or lagging) on a balanced circuit. If the original connec¬ 
tions were not correct, rotation in one direction or the other will 
take place after the interchange has been made. The proof of 
this is as follows: 

Unity Power Factor. At unity power factor we find that for 
12 cases the meter will run in the right direction with all the 
circuits intact. These are as follows: 1 (a), 2 (d), 3 (b), 4 (c), 
9 (a), 9 (c), 10 (b), 10 (d), 11 (a), 11 (b), 12 (c) and 12 (d).' 

The effect of the interchange of voltage leads 1 and 2 is given 
in Table III. Table III and also Tables IV, V, VI and VII are 
derived from the values given in Table II. We note in Table III, 
that when the voltage leads 1 and 2 are interchanged, the rota¬ 
tion of the disk will cease for the four correct connections, and 
that in all of the other cases it will run in the wrong direction. 

Power Factor <1.0 arid > 0.5 lagging. Under these condi¬ 
tions we find 20 cases where the meter will run in the right direc¬ 
tion with , all circuits intact. These are: 1(a), 2(d), 3(b), 
4 (c), 1 (c), 2 (b), 3 (d), 4 (a), 5.(c), 6 (b), 7 (d), 8 (a), 9 (a)! 
9 (c), 10 (b), 10 (d), 11 (a), 11 (b), 12 (c) and 12 (d). 

The effect of the interchange of voltage connections on these 
cases is given in Table IV. From the table we see that, when the 
voltage connections are interchanged, the meter will stop for 
the four correct cases only, and for all other connections the 
meter will run either forward or backward. 

Power Factor = 0.5 Lagging. At this power factor we find 
from Table II that there are 16 cases where the meter will run 
in the right direction. These are: 1 (a), 2 (d), 3 (b), 4 (c), 1 (c) 

2 (b), 3 (d), 4 (a), 5 (c), 6 (b), 7 (d), 8 (a), 11(a), 11 (b), 12 (c) and 
12 (d). 

The effect that is produced by an interchange of the voltage 
leads 1 and 2 is given in Table V. We find after interchang¬ 
ing the leads that for each of the four correct connections the 
meter will stop, and that for any one of the other 12 cases the 
meter disk will rotate either right or wrong. 

Power Factor <0.5 Lagging. For a power factor of less than 
0.5 we see from Table II that there are 20 cases where the meter 
disk will run in the correct direction, with all connections intact. 
These are as follows: 1 (a), 2 (d), 3 (b), 4 (c), 1 (c), 2 (b), 3 (d), 
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TABLE III —Power Factor = l.o 


Case 


1 (a) 

2 (d) 

3 (b) 

4 (c) 
9 (a) 
9 (c) 

10 (b) 

10 (d) 

11 (a) 

11 (b) 

12 (c) 
12 (d) 


Voltage leads 1 and 2 
interchanged 
gives case 

Directon of Rotation 
of meter 
then becomes 

5 (a) 

Stop 

6 (d) 

u 

7 (b) 

a 

8 (c) 

4 

10 (a) 

Wrong 

10 (c) 

4 

9 (b) 

4 

9 (d) 

4 

12 (a) 

4 

12 (b) 

4 

11 (c) 

4 

11 (d) 

4 


TABLE IV— Power Factor < 1 and > 0.5 Lagging. 


Case 

Voltage 

leads 

1 and 2 
interchanged 
gives case 

Direction 
of rotation 
of meter 
then becomes 

Case 

Voltage 

leads 

1 and 2 
interchanged 
gives case 

Direction 
of rotation 
of meter 
then becomes 

1 (a) 

2 (d) 

3 (b) 

4 (c) 

1 (c) 

2 (b) 

3 (d) 

4 (a) 

5 (c) 

6 (b) 

5(a) 

6 (d) 
7(b) 

8(c) 

5 (c) 

6 (b) 

7 (d) 

8 (a) 

1 (c) 

2 (b) 

Stop 

4 

4 

4 

Right 

4 

4 

4 

a 

4 

7 (d) 

8 (a) 

9 (a) 

9 (c) 

10 (b) 

10 (d) 

11 (a) 

11 (b) 

12 (c) 

12(d) . 

3 (d) 

4 (a) 

10 (a) 

10 (c) 

9 (b) 

9 (d) 

12 (a) 

12 (b) 

11 (c) 

11 (d) 

Right 

4 

Wrong 

4 

4 

4 

4 

4 

4 

4 


TABLE V. 

Power Factor = 0.5 Lagging. 


Case 


1(a) 

2(d) 

3 (b) 

4 (c) 

1 (c) 

2 (b) 

3 (d) 

4 (a) 

5 (c) 
0 (b) 

7 (d) 

8 (a) 
11 (a) 

11 (b) 

12 (c) 
12 (d) 


Voltage leads 
1 and 2 
interchanged 
gives case 


5(a) 
6 (d) 
7(b) 
8(c) 
S(c) 
6 (b) 
7(d) 
8 (a) 

1 (c) 

2 (b) 

3 (d) 

4 (a) 
12 (a) 
12 (b) 
11 (c) 
11 (d) 


Direction of rotation 
of meter 
then becomes 


Stop 

K 


Right 

a 

a 

u 

4 

a 


Wrong 

tt 

* 

« 




195 


1916] KOUWENHOVEN: POLYPHASE WATTMETER 

4 (a), 5 (c), 6 (b), 7 (d), 8 (a), 9 (b), 9 (d), 10 (a), 10 (c), 11 (a), 
11 (b), 12 (c) and 12 (d). 

These cases are treated in Table VI, and it is evident that the 
rotation of the disk, as before, only ceases when the original 
connections were correct before the leads 1 and 2 were inter¬ 
changed, and that for all other arrangements, rotation either 
forward or backward will take place. 

Power Factor <1.0a;«d>0.5 Leading. We find from Table II 


TABLE VI 

Power Factor < 0.5 Lagging. 


Case 

Voltage 

leads 

1 and 2 
interchanged 
gives case 

Direction 
of rotation 
of meter 
then becomes 


5 (a) 

Stop 


6 (d) 

U 


7 (b) 

a 

4 (c) 

8 (c) 

u 

1 (c) 

5 (c) 

Right 

2 (b) 

6 (b) 


3 (d) 

7 (d) 


4 (a) 

8 (a) 

k 

5(c) 

1 (c) 

a 

6 (b) 

2 (b) 

tk 


Case 


7 (d) 

8 (a) 

9 (b) 
9 (d) 

10 (a) 

10 (c) 

11 (a) 

11 (b) 

12 (c) 
12 (d) 


Voltage 
leads 
1 and 2 
interchanged 
gives case 


3 (d) 

4 (a) 
10 (b) 

10 (d) 
9 (a) 
9 (c) 

12 (a) 
12 (b) 

11 (c) 
11 (d) 


Direction 
of rotation 
of meter 
then becomes 


Right 

a 

Wrong 


TABLE VII 

Power Factor < 1.0 and > 0.5 Leading. 


Case 

Voltage 

leads 

1 and 2 
interchanged 
gives case 

Direction 
of rotation 
of meter 
then becomes 

Case 

Voltage 

leads 

1 and 2 
interchanged 
gives case 

Direction 
of rotation 
of meter 
then becomes 

1 (a) 

5 (a) 

Stop 

7 (a) 

3 (a) 

Right 

2 (d) 

6 (d) 

U 

8 (d) 

4 (d) 

a 

3 (b) 

7 (b) 

a 

9 (a) 

10 (a) 

Wrong 

4 (c) 

8 (c) 

u 

9 (c) 

10 (c) 


1 (b) 

5 (b) 

Right 

10 (b) 

9 (b) 

« 

2 (c) 

6 (c) 

a 

10 (d) 

9 (d) 

K 

3 (a) 

7 (a) 

h 

11 (a) 

12 (a) 

« 

4 (d) 

8 (d) 

u 

11 (b) 

12 (b) 


5 (b) 

1 (b) 

u 

12 (c) 

11 (c) 


6 (c) 

2 (c) 

u 

12 (d) 

11 (d) 

u 


that under these conditions there are 20 cases where the meter 
will run in the right direction, with all circuits intact. These are: 
1 (a), 2 (d), 3 (b), 4 (c), 1 (b), 2 (c), 3 (a), 4 (d), 5 (b), 6 (c), 

7 (a), 8 (d), 9 (a), 9 (c), 10 (b), 10 (d), 11 (a), 11 (b), 12 (c), 
and 12 (d). 

The effect of interchanging leads 1 and 2 on these cases is 
treated in Table VII. It is clear from Table VII that the rota- 
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tion of the disk, as for lagging values of the power factor, only- 
ceases for the four correct connections when the interchange is 
made, and that for all other arrangements rotation either for¬ 
ward or backward will take place. 

It may further be proved from Table II that for other values of 
leading power factor, an interchange of the voltage connections 
1 and 2 will cause the rotation of the disk to cease for the four 
correct connections only. 

It IS evident from the above proof, that with a balanced load 
(motor load), the correctness of the connections of a polyphase 
watt-hour meter, provided with four voltage terminals can be 
accurately checked at any power factor by the simple interchange 
of the voltage connections to the phases 1 and 2, when the meter 
is used without voltage transformers, and if the meter stops the 
original connections were correct. 

The interchange may be easily and simply made at the meter 
terminals. The following set of rules for the identification of 
connections may be deduced from Tables II, III, IV, V, VI and 

1. If, after the interchange of voltage connections 1 and 2 
the meter stops, then the original connections were correct. 

2. If, after the interchange of voltage connections 1 and 2 
the meter continues to run in the right direction at increased 
•peed, then the original connection was either 1 (c) or 2 (b) or 
3 (d) or 4 (a), for leading currents 1 (b), 2 (c), 3 (a) or 4 (d) 

and the reversal of the connections of one of the current coils is 
all that is needed to rectify the mistake. 

3. If, after the interchange the meter continues to run “ right ” 
but at greatly reduced speed (one-half its former speed) then 
the original was one of the arrangements of 5, 6, 7 or 8 and the 
voltage connections are now correct. The reversal of the proper 
cument coil is all that is needed to make the connections correct. 

^ 4. If, after the interchange the meter runs in the wrong direc¬ 
tion, then the original connection belonged to arrangements 9 
10, 11 or 12 and the entire system of connections must be care- 
tully gone over and corrected. 

The theoretical expressions for P for each of the 24 additional 
amangements, mentioned above, are given in Tables VIII and 
IX. As stated, twelve of these arrangements are formed by 
connecting two meter terminals to phase 1, one to phase 2, and 
one to phase 3; and twelve by connecting two terminals to phase 
2. one to phase 1, and one to phase 3. In Tables VIII and IX the 
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unimportant arrangements similar to arrangements 9, 10, 11 
and 12 of Fig. 2 have been omitted. The expressions for these 
unimportant arrangements may be found elsewhere if needed. 
For example, consider arrangement 9 of Table VIII. Arrange¬ 
ment 9, Table VIII, is made by connecting the voltage terminals 
of meter element I to phases 2 and 3, and by connecting both 
voltage terminals of meter element II to phase !. The theoreti¬ 
cal expressions for the resulting cases are to be found in Table II, 
arrangement 5, cases (e), (h), (k) and (n). 

Checking the Connections 

The elimination of the incorrect connections treated in Tables 
VIII and IX is accomplished by the interchange of voltage leads 
1 and 2. If the wiring is open the interchange is made at the 
meter terminals, and in places where the wires to the meter run 
in conduit the interchange is made at the line. In either case 
the inspection of the connections incidental to making the inter¬ 
change indicates at once the mistake, as it is apparent that two 
of the voltage terminals are connected to one of the phases that 
supply the current coils of the meter with current. The correc¬ 
tion of the mistake is simple. 

Class A Meters with Voltage Transformers 

^ The addition of voltage transformers complicates the connec¬ 
tions, and makes possible a large number of additional connec¬ 
tions. That this is a fact is clearly seen when one considers that 
the twelve arrangements of connections shown in Fig. 2 may be 
applied to the primary side of the transformers, and that for 
each one of these there are 24 different possible arrangements of 
the connections between the four secondary terminals of the 

transformers and the four voltage terminals of the polyphase 
meter. 

Four of these arrangements are shown in Fig. 5. However, 
it is evident that the four arrangements shown in Fig. 5 are 
electrically the same. A careful study of the conditions shows 
that no new electrical arrangements of the circuits are intro¬ 
duced by a combination of any one of the first eight cases applied 
to the primary side of the transformers with any one of the first 
eight arrangements between the secondaries of the transformers 
and the meter. The same is also true when any one of the last 
four cases on the primary side is combined with any one of the 
same cases on the secondary side. However, any combination 
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made with any one of the first eight arrangements on the primary 
side, with any one of the last four on the secondary side of the 
transformers, introduces new cases. In all of these new cases 
which are brought about by the addition of the voltage transform¬ 
ers, the two secondary windings of the transformers and the two 
voltage coils of the polyphase meters are in series. Two of these 
cases are illustrated in Fig. 6. 

For any one of these added cases formulas for the rate and 
direction of rotation can be derived if necessary. . These cases are 
not only very improbable, but a reversal of the voltage leads 1 and 

2^on the primary sides of the trans¬ 
formers will in no case cause the 
meter to stop. Therefore, the use of 
voltage transformers does not intro¬ 
duce any new cases of importance, 
and the expressions given in Tables 
IL, VIII and IX apply to this type of 
meter when used with transformers. 
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Fig. 6 


Since the same expressions for P hold good, irrespective of the 
presence or absence of voltage transformers, the same mode of 
checking the connections is applicable in both cases. Therefore, 
the correct connections of a polyphase watt-hour meter, pro¬ 
vided with four separate voltage terminals, when used with 
voltage transformers, may be checked by- the interchange of 
voltage connections 1 and 2 on the primary side of the voltage 
transformers. And if the connections were originally correct, 
and the load is balanced, the meter will stop at any power factor. 
Further, if we assume that all of the improbable connections of 
cases 9, 10, 11 and 12 of Table II are absent, and that all incor- 
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rect connections illustrated in Tables VIII and IX will be 
eliminated by the inspection of the connections incidental to 
making the interchange, then we may apply rules 1, 2 and 3 for 
the correction of mistakes in the connections. 

Class B Meters 

The correct connections of Class B type of polyphase meter 
are shown in Pig. 7. With this class of meter the presence 
of voltage transformers does not introduce any new cases, and 
therefore the following discussion applies equally well to meters 
of this type when used either with or without voltage transformers. 

The number of possible arrangements of the voltage connec¬ 
tions to the three meter terminals is found to be six. These are 



Fig. 7 Pig. 8 

shown in Fig. 8. As in the case of Class A meters, each arrange¬ 
ment of the voltage connections has four different arrangements 
of the current coils, and each arrangement of the connections 
of the current coils has four conditions of operation, depending 
upon whether all the voltage connections are intact or if one of 

them is open. Therefore, we find a total of 96 different connec¬ 
tions or cases. 

The theoretical expressions for P were derived for each one of 
the cases, and these are to be found in Table X. With this type 
of meter, the opening of the voltage connection 3 does not give 
a case analogous to those due to the opening of either leads 1 or 
2, but a separate and distinct case. The following example will 
serve to illustrate the derivation of the value of P for these cases: 
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Case 1 (g) Phase I and Phase II Correct, Voltanc Lead 3 Open. 
The vector diagram is given in Fig. 9. The voltage is <li\'idc*d 
between the two potential coils of the meter, and therefore, half 
of the voltage is across each coil and we find that 


P — Ii £i ,2 cos (30 + 4‘) + /a £ 2,1 cos (30 — ‘1> 


P 


(+^ cos I E 


■) 


The correctness of each of the 96 expressions 
was checked experimentally as in the case of 
the Class A type of meter. Table X not only 
gives the expressions but also the directions of 
rotation of the meter disk at several dilTerent 
values of lagging power factor. 
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Checking of Connkctions 

From Table X we find that there are 60 cases wlicre the iiietc*r 
will run in the correct direction at some j)ower fatdor !)et\\aaat 
unity and zero lagging, however, only 1,2 of these aiat for cas 
where all the circuits are intact. These 12 are as follows: 1 (aj, 

1 (c), 2 (c), 3 (b), 4 (b), 4 (c), 5 (b), 5 (c), 5 (d), 6 (a), 6 
and 6 (d). 

Of these 12 cases there is only one case where the meter rcgistei 
correctly under all conditions the amount of power consunica!, 
and that is case 1 (a). A careful study of the table does not 
reveal any simple method of checking tlie correctness of tlie con¬ 
nections 1 (a) that does not apply equally well to some of the 
incorrect cases. Ihe arrangements of connections that do not 
offer any simple means of elimination are cases 5 (d), 6 (a) and 
6 (d). However, mistakes that are illustrated by cases coining 
under 3, 4, 5 and 6 are not often made, especially if the common 
voltage terminal of the meter to which phase 3 is connected is 
plainly marked. If this terminal is marked, it is praetic*ally 
impossible to make any mistake in its connection to the {iroper 

phase, and therefore, we need only consider cases coming uiiclcr 
arrangements 1 and 2. 

Un^r arrangements 1 and 2 of the voltage connections we find 
^y three cases where the meter will run in the right direction. 

ese are: 1 (a.), 1 (c) and 2 (c). In addition to 
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correctness of the connections produced by the opening' of the 
voltage supply to each element of the meter in turn, there is 
also a check that is sometimes employed with this class of meter 
which consists in opening lead 3. 

The same criticism, namely, that it cannot be relied upon, that 
applied to the check obtained by opening the voltage supply of 
each element in turn, as applied to the Class A type of meter, 
applies equally well when used with this class of meters. When 
we study the effect of opening lead 3, we see from Table VIII 
that when we open lead 3 for case 1 (a) we get case 1 (g), and the 
meter continues to run in the right direction at exactly one-half 
speed. For case 1 (c) we get 1 (m) and the meter now runs in 
the wrong direction, and for case 2 (c) we get 2 (m), and the 
meter continues to run in the right direction at exactly one-fourth 
its former speed. Therefore, this check may be relied upon 
provided the load remains constant. 

Check Produced by the Interchange of the Voltage 

Connections to Phases 1 and 2 

, At unity power factor we have only case 1 (a) possible and an 
interchanging of the voltage leads 1 and 2 will give case 2 (a) 
and the rotation of the disk will cease. This is also true of case 
.1 (a) for any value of the power factor either leading or lagging. 

At all values of lagging power factor below unity, we may have 
in addition to case 1 (a) either 1 (c) or 2 (c). The interchange 
for voltage leads for the case 1 (c) gives case 2 (c) and the meter 
continues to run in the right direction at double its original 
speed. The interchange for case 2 (c) gives 1 (c) and the meter 
continues to run in the right direction at one-half its original 
speed. 

For leading values of the power factor we find three cases 
where the meter disk will rotate in the right direction. These 
are: 1 (a), 1 (b) and 2 (b). In cases 1 (b) and 2 (b) the disk 
will continue to rotate in the right direction after the interchange 
is made. 

It is evident from the above, that the interchange of the voltage 
leads 1 and 2 will serve to eliminate all incorrect connections 
and check the proper connections for Class B meters, if we allow 
the assumption that the common voltage terminal is connected 
to its proper phase, i. e., to the phase that does not supply cur¬ 
rent to the current coils of the meter. This connection is very 
simple if the terminal is clearly marked. Rules 1 and 2 also 
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apply to this meter, and aid in the correction of mistakes. The 
interchange of leads 1 and 2 may always be made at the term¬ 
inals of the instrument. 


Phase No. l 


Class C Meters 
« 

The correct connections of the Class C type of meter are shown 
in Fig. 10. Instrument transformers are seldom used with this 
type of meter, which is essentially a house meter. The three 

possible arrangements of the 
voltage connections are illus¬ 
trated in Fig. 11. 

The expressions for P and 
the direction of rotation at 
different power factors are 
given in Table XL 
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Checking THE Connections 


Table XI shows that there are 8 cases where the meter will 
run in the right direction at some value of the power factor, 
when all its circuits are intact. Of these 8 cases, case 1 (a) is 
the only case or arrangement of connections where the meter 
will operate correctly under all conditions. The 8 cases are: 
1 (a), 1 (c), 2 (a), 2 (b), 3 (a), 3 (b), 3 (c) and 3 (d). 

The check for this class of meters consists in opening the single 
voltage connections to the meter*; for case 1 (a) this gives 1 (g) 

and the meter continues to run in the right direction at one-half 
its former speed. 

The opening of the voltage connection for case 1 (c) gives 
case 1 (m) and the meter stops or runs in the wrone direction 
depending on the power factor. The opening of the voltage 
connections for any one of the remaining cases causes the meter - 
to stop under all conditions. It may be stated that a balanced 
load is not essential for making the test. 
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Opening the Supply as a Method of Checking the 

Connections 

In addition to the above-mentioned checks there is a test of 
the correctness of the connections that may be applied where it 
is permissible to open one phase at a time of the supply without 
interrupting the load. A phase must be opened in two places 
at the same time, namely, between the meter and the supply 
line and between the meter and the load. 

This test is as follows: Assume that the meter is connected 
in a three-phase circuit, where one of the phases may be opened 
without interrupting the load. Now, with the meter running in the 
right direction, open one of the phases that supplies current to one 
of the current coils of the meter as directed above. The meter 
should continue to rotate in the right direction if the connections 
are correct; because it is now operating as a single-phase meter, 
registering the power supplied to a single-phase load. Replace 
the fuses and open the phase that supplies current to the other 
current coil of the meter. The meter should continue to rotate 
in the right direction for the same reason as before. If the 
meter stops or if its direction of rotation changes when either 
line is open, then the connections are incorrect and must be 
carefully traced out and the mistake rectified. In making this 
. test it is not necessary to know the power factor of the load nor 
is a balanced load necessary. 

Each phase that supplies current to the meter must be opened 
in two places during this test. If only a single opening is made 
between the meter and the load, both voltage coils of the meter 
will still be excited, and we may have such incorrect connections 
as cases 5 (c) 5 (b), 7(d), 8 (a) of Table II or 2 (c) of Table X which 
also give rotation in the right direction with either line open. If 
a single opening is made between the meter and the supply line 
and if the load consists of an induction motor or other similar 
apparatus, both voltage coils will still be excited due to the volt¬ 
ages induced in the motor windings, and we may have incorrect 
connections as above. Therefore, it is necessary to open the 
same phase of the circuit in two places simultaneously. 

Example of the Application of the New Method 

The following is an example of the application of the method 
of checking the correctness of a polyphase watt-hour meter on a 
three-phase circuit by means of the interchange of voltage con¬ 
nections to phases 1 and 2. For this example the writer has 
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assumed that we have to install a polyphase watt-hour meter 
with four voltage and four current terminals on a circuit requiring 
the use of voltage and current transformers. While making the 
test, the load on the circuit must be balanced and may consist 
of a three-phase induction motor, a three-phase bank of trans¬ 
formers or other similar apparatus. As it is difficult to obtain 
a Glanced load with lamps, the lighting circuits should be open. 

Connect the meter according to the diagram of connections 
(see Fig. 12) so that it rotates in the right direction. 

Having obtained rotation in the right direction, interchange 
the connections on the pimary side of the potential transformers 

o phases 1 and 2, and if rotation ceases the original connections 
were correct, and should be restored. 



,• +1 the interchange, the meter continues to run 

in the right direction but at increased speed, the original connec 

tions were correct, but the cbnnections ofon^ J connec- 

coils were reversed Restore the ^ ^ current 

onVi-t..! ee A ^ -Kestore the voltage connections to their 

If, after 

in the right direction but S a continues to run 

the, connectionsTme current cXhat n 

right direction after reversal. 

Having satisfied the conditions of the test the -tT-eie . 

minals of the meter that et-e ..i, “ voltage ter- 

hected tno-eth a the same potential may be con¬ 
nected together and grounded if desired. ^ 
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Summary and Conclusions 

The results of the investigation show clearly, first: That the 
check upon the correctness of the connections made by opening 
the current or voltage supply to each element in turn, is unreliable 
and may lead to erroneous results. Furthermore, a knowledge 
of the power factor is essential to its use. 

Second: That the check upon the correctness of the connec¬ 
tions made by opening the voltage connections to the phase 
that does not supply current to the two single-phase elements 
of the meter is only accurate in case of meters of Class C or to 
meters similarly connected. 

Third: That the check upon the correctness of the connections 
made by opening in turn each of the three-phase lines that supply 
current to the current coils of the meter, is accurate at any power 
factor and on balanced or unbalanced load; provided the opening 
is made between the meter and the supply line. 

Fourth: That the check upon the correctness of the connections 
made by the interchange of voltage connections to phases 1 and 
2 is accurate at any power factor on a balanced load for Class B 
meters, if we make the assumption that phase 3 is connected to 
the proper terminal and that if the original connections were 
correct the meter stops. This also applies to meters having 
four voltage terminals when two of these are connected together, 
and from a common terminal. 

Fifth: That the check upon the correctness of the connections 
made by the interchange of voltage leads 1 and 2 is accurate at 
any power factor on a balanced circuit for Class A meters, and 
that if the original connections were correct the meter stops. 

Sixth: That in case the connections are incorrect for Class A 
and B meters, the interchange of leads 1 and 2 gives the necessary 
information for correcting the mistake (see Rules 2 and 3, page 
172). 

The investigation also shows that there is a simple means of 
ascertaining the power factor on a three-phase circuit where a 
polyphase watt-hour meter is installed. This method may be 
used with any type of meter. It is as follows: Note the time of 
one revolution of the disk when the meter is connected correctly 
and registering the given load. Then reverse the connections 
of either current coil, and note the time of one revolution, with 
the given load. Then 

tan $ = crime of one revolution, meter connected correctly) 
Time of one revolution with one current coil reversed 
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The experimental work connected with this investigation 
was carried on in the new electrical laboratories of the Johns 
Hopkins University. The writer wishes to thank Mr. J. R. 
Cruikshank, Dr. J. B. Whitehead, Mr. F. V. Magalhaes and 
Mr. W. S. Brown for their kindness and assistance. 
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Discussion ON “ A Method of Determining the Correct¬ 
ness OF Polyphase Wattmeter Connections ” (Kouw- 
enhoven), New York, Feb. 9, 1916. 

W. H. Pratt: The author has made a very large amount of 
painstaking effort in collecting and analyzing the behavior of 
the meters with, these miscellaneous connections. There is one 
point that is emphasized throughout the paper, that this check¬ 
ing must be made under balanced load conditions except in one 
particular case. There should be a great deal of care exercised 
in deciding whether you have a balanced condition in applying 
the check. The fact that you use a motor which tends to take, 
a balanced load does not necessarily mean that the load will be 
balanced unless the voltages are strictly balanced. A very small 
unbalancing of voltage may mean a very large amount of 
unbalancing in the power station. This point emphasizes the 
fact that you should always be very particular in following the 
diagrams of connections. It is a very easy matter to systemati¬ 
cally arrange most work so that you can follow the diagrams just 
as if you had a column of figures to add, and then very care¬ 
fully do the work. There is a temptation, however, to rely on 
the check, but a check should be made bearing in mind that you 
have limitations which might seriously affect the conclusions. ’ 

Again, if you find that you have trouble it may be a very 
difficult matter to locate the cause of it. ' I have in mind a c^se 
which was called to my attention not many months ago in which 
air ordinary checks applied indicated that the connections were 
correctly made, even to tracing out the wiring, but there was evi¬ 
dence of something seriously wrong. When we came to trace it 
down, it appeared that there were two sets of instruments on the 
switchboard, the switchboard being in two parts, and the con¬ 
nection that was supposed to be a ground connection, simply 
served as a common zero potential connection. The two parts 
of the board were each individually connected up all right, but 
it so happened that the instruments on one portion required to 
have a common connection with the instruments on another 
portion, and this common connection was omitted, and there was 
a most mystifying behavior of the apparatus. 

The author says that meters which he designates as class. C 
meters cannot be used with either voltage or current transformers. 
Of course, it is quite possible to use such meters by making inter¬ 
connections of the circuit, and making a simple interconnected 
secondary network. 

Again, the remark is made: “ By the use of the table it is also 
possible in cases where incorrect or open connections are found, 
to determine from the meter readings, when the conditions of the 
circuit are known, the actual kw-hr. that have been used.” 
I think the expression of the author “ when the conditions of the 
circuit are known should be very much emphasized, because 
ordinarily the conditions of the circuit are such that the loads 
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out the power factor, and unless that is true through- 

drawn. period of operations, no conclusions could be 

tions methods of making his calcula- 

have laid onf ^ have followed for some years, but I 

suppose We findTmetP^^^™ a little differently. For example 
elesire to knowli-t ^ connected in a certain manner Fig. 1 and 
tile current 7® r® ^ diagram. Fig. 2. We find 

element .B is in linA “JPf ^’^d the current coil of 

from 1-2 nf oi ■ -i. ^ potential of elements is connected 

incorrect connf^nF™®^* -S from 3-1 as shown. I have shown an 
must alwaT^ purpose of illustration. Now we 

received n7 records exactly what it 

words, if ^®'' I™® other 

meter, and remnmb o^ement in this case as a single-phase 
received ti-m^io+u ®^ measured power equals the voltage 
of lag between of the angle 

immediatelv see potential, we will 

resnh« ^-■u^ ^®® what each element is measuring: Add the 

csults of the two elements together, and we will hfve fhe total 
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El cos (30° + a) + ^Tcotm’ i®T® 

The diavra-m fL ^ ®®^ n . + ^) = 2EI cos (30® + a). 

iiow to arrKS^t conenf'''® ^hows exactly 

T/r ^ ®®^^oot results in any case. 

t he luthS-^s attention to the fact that in applying 

have 2n i 7®.?’'®* ^ balanced load. If wt 

cis cxpectea. We often find cases where we have sinp-le 
motors connected across two of the wires of the th?ee-Sase 
circuit, and sometimes we have liahts connentpH +w®® 

ti«e we should apply this 

is imnirt'Snt°S*tS'«fS 

lime,' we ^ not St SfeS h 

, 1C author assumes all through his paper that the meter he is 
dealing with is correct. We can very readily imagine the 5 
an incorrect meter, for example, one,which is badly out on la? 

Tuth t "^^TherXe^T"" correctly the test givenTere by tlfe 
iiUtiior. X ixereiore, in practise we must bear in mind, the 
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balanced conditi«n of t he load and whether the meter is correctly 
or incorrectlt' calibrated. 

L. W. Chubb; We must rerneml)er that there are two classes 
of men that take care of meter eonnections-^-"there is the en¬ 
gineer who knows tlie \'ector relation of tlie \’oltage tmd current, 
and if he gets irregular results in one way, he can usually ferret 
out what is the matter, eit.her h\’ symmetry of connections or by 
common horse sense. The station man wlio getn into troulile, 
must l:)e |:)ro\dded witli some rule of tlunnl> method whicfi will 
give him results and not rec:|inre t^asic knowledge of the |.)rinciplcs 
involved. For thisrea.son i tJhnk h’lr, Kotnvenlio\*erds sehernt: 

reversing tlie iiotent/ial coils for two (dasses of meters, or t.. 

opening the current between the meter am! power in the other 
class, is of great xailuc. 

The requirements for liakmced loail in t.he majoritv of tlie 
work is, as Mr. sa\’s, a handievip. A bakmeed load on siudi 

a thing as an induction motor, or liglit running sxaiclinmous 
machine, is rare. If tiie fiel<l tlistrilnition in mot.or does not 
agree with the line wave, tliere will be (|uite a liig distortion aii<l 
an unlialancing of enrrent.s wit.h a \a‘ry small change in filiase 
and voltage. I do not Indieve this is a stwious haridic'ap, iiow- 
ever, as you can estimate about what load you haxaa and if the 
meter comes nearly to a standstill, you know that the cuHinee- 
tion is ])rol)al)iy rigid. 1'he same is true for a meter a Hi tie bit 
out of caliliration in tlie two parts, as tin* las! S]K‘aber has 
mentioned. 

I think, that h.ir t.lie engiiitier who goes <.ait on a metis’jo!) and 
wants to find out what is wrong, tlie oh! methoil of opening one 
element of the iiolyphase meter a,m.i tlieu I lie ot.liia* is f'lretiy 
good. You cati usually get a load, balanced (.:»r uiibalanced, 
which will have a [lower fatUor botli ahovi^ asul Indow O.a. I^or 
instance, the usua.l transhinner of loda,y on open (drciiii is run 
at such an induction that tlic exciting current is l^eliav Cl.a power 
factor. It is easy enougli to put addit.ional loa.d on tlie trails- 
former, and take anot.lier rea,«.Iing at a |.)C)Wer fa/Ct.fir afiiive Cl.a 
so that^opening one element at a. time, with the two tests, will 
give quite a relialile result. 

Comfort A. Adams: The sulijei't of fiolypliase meter eoimec- 
tion is so often made t.mnecessarily i-om|:)lieata‘d iha.t 1 am going 
to take enough time to exfilain what seems t.o be the m 
and simple iioint of view, which 1 liave employeii for more 
twenty years. 

Label the mains of a three-ijhase sysieirp ii, h ami r. (hiimt 
the currents in a and h as [lositive when flowing r)ut..w 
the source and the current in c positive liackwards 
ia + % - ic at every instant, and € may be looked upon as 
common return for a and h. 1lie total pciwer flowing oiit.wards 
from the source will t-hen lie that of two eirctifls uc arifi Ac, o: 
S'tated in symliols, iw 4 + th^ whiidi holds for every irisiair 
of time irrespective of wliet^her the system carries direct, alter 
nating or pulsating current. 


‘XlTdS 
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The two single-phase wattmeters or the two parts" of a 
three-phase wattmeter connected with their currents coils 
in a and b and their pressure coils across ac and he 
respectively in the direction indicated by the symbols, will 
measure the average values of eac ia and eic ib respectively, 
or a three-phase wattmeter will indicate the sum of these, 
i. e,, the total power flow of the system in the direction 
indicated. If the corresponding terminals d= of the current and 
pressure coils of each meter are so indicated or implied by their 
location, it is only necessary to connect the two current coils in 
the lines a and b in the direction of power flow and the corres¬ 
ponding pressure coils in the directions ac and be. If the direc¬ 
tion of power flow is not known, it may be assumed and connec¬ 
tions made accordingly. If the assumption is correct, the meter 
will read or run positively, otherwise either both current coil 
connections or both pressure coil connections should be reversed. 

The above proof of the two wattmeter method of three-phase 
power measurement as well as the resulting conclusions as to the 
method of connection, is absolute^ rigid and general for any 
wave shape or no wave shape. Moreover, it is directly applicable 
to a system of n wires in which one is looked upon as the common 
return for w — 1 phases, and the power can be measured by 
w •— 1 wattmeters (or wattmeter elements of a polyphase watt¬ 
meter) connected as above indicated for the three-phase case. 

I realize that the problem faced by the meter man is not the 
same as that faced by the laboratory man; but I feel quite sure 
that even the practical meter man would find his problem vastly 

simplified if he could acquire the above described natural point 
of view. 

The idea is not at all a new one, but so few engineers seem to 

make use of it, that I am impelled by mv teacher’s instinct to 
set it forth again. 

W. B. Kouwenhoven: As stated in the paper, the term cor¬ 
rect, refers only to the direction of rotation of the disc of the 
watt-hour meter used in this investigation, and has nothing 
whatever to do mth the accuracy of the meter. The meter 
used was not calibrated before making the investigation and it 
had seen a number of years of service. I do not know whether 
the two single-phase elements had exactly the same character- 
istics or not. However, their characteristics were sufficiently 
a^e to cause the meter to stop when the voltage connections to 
phases 1 and 2 were interchanged. If a polyphase watt-hour 
meter is so badly out of adjustment that it will not answer cor- 
rectly although ^ connected properly: then its failure 

to meet the test will immediately indicate that there is something 
wrong with the meter itself. 

As Mr. Chubb pointed out, a slight unbalancing of a three- 
phase load such as is often found in induction motors, especially 
when operating on light loads, is not serious, and the check pro¬ 
duced by the interchange of the voltage leads will identify th^ 
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correct connections. Part of the investigation was carried on 
with induction motors as load, and part with synchronous motors, 
and in neither case was there the vslightest difficulty in recog¬ 
nizing the correct connections when the check was applied. I 
do not know the amount of unbalancing that would prove seiious. 
The coirectness of the connections on balanced or unbalanced 
three-phase circuits for any class of meter may be checked by 
removing the fuses from the line as described in the paper. 

If a polyphase watt-hour meter is placed in a circuit where no 
instrument transformers are required, then its proper connection, 
as Professor Adams points out, is comparatively simple. If two 
voltage and two current transformers are added to the circuit 
then the connections become difficult and a check is necessary. 
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Thus * ...^Second. '-•■•h 

20 Cycles of a 1000-Cycle Tone 


But no matter what the pitch of the tone, if its intensity is made 
to vary according to this definite pattern in a small fraction of 
a second, the sound h will be produced. 

Thus: 



When we speak the letter b, the fundamental tone and the 
overtones of the vocal chords together with the mouth-tones 
are all varied at the same instant of time according to the, 
definite pattern/"^. The same is true for each letter sound 
of the alphabet, as will appear in the table of patterns of the 
letters of the alphabet called the phonographic alphabet on 
another page: 

In other words, if an open reed-organ pipe of, say, middle 
C pitch were blown and at its large open end were placed a 
mechanical device like the human mouth for opening, varying 
the opening, and closing the opening, and trilling and varying 
the air pressure, the organ pipe would speak like a human 
being, with wonderful power and majesty. 

We quote Helmholtz: “ Sensations of Tone,’^ pages 66-67- 
68. “ There has been a general inclination to credit quality 

with all possible peculiarities of musical tones that were not 
evidently due to force and pitch. But very slight considera¬ 
tion will suffice to show that many of these peculiarities of 
musical tones depend upon the way in which they begin and end. 
The methods of attacking and releasing tones are sometimes so 
characteristic, that for the human voice they have been noted 
by a series of different letters. To these belong the explosive 
consonants B, D, G, and P, T, K, The effects of these letters 
are produced by opening the closed, or closing the open passage 
through the mouth. For B and P the closure is made by the 
lips, for D and T by the tongue and upper teeth, and G and K 
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by the back of the tongue and soft palate. In wind instruments 
where the tones are maintained by a stream of air, we generally 
•hear more or less whizzing and hissing of the air which breaks 
against the sharp edges of the mouthpiece. It is well known 
that most consonants in human speech are characterized by 
the maintenance of similar noises, as F, V; S, Z; Th in thin and 
in then; the Scotch and German guttural CH, and Dutch G. 
For some the tone is made still more irregular by triUing parts 
of the mouth, as for R and L. In the cas'e of R the stream of 
air is periodically entirely interrupted by trilling the uvula, or 
the tip of the tongue; and we thus obtain an intermitting sound 
to which these interruptions give a peculiar jarring character. 
In the case of L the soft side edges of the tongue are moved 
by the stream of air, and, without completely interrupting the 
tone, produce inequalities in its strength. The formation of 
M and N in so far resembles that of vowels, that no noise of 
wind is generated in any part of the cavity of the mouth, which 
is perfectly closed, and the sound of the voice escapes through 
the nose.” 

Proof that a Definite Fixed Pitch is Not the Chief 
Characteristic of Individual Letter Sounds 

Anyone may easily prove this for himself. Place upon the 
phonograph a talking record. Run the record, first at 60 
revolutions per minute, which is below the normal speed, then 
at 160 revolutions per minute, which-is 2f times the lower speed. 
The articulation remains intelligible even at the low and high 
speeds. The pitches of all speech sounds at the high speed 
of the record are nearly an octave and a half above the pitches 
at the low speed. Plence if but one fixed pitch was character¬ 
istic of each letter sound, the speech would have been absolutely 
unintelligible. But the speech was entirely intelligible and 
therefore pitch is not the distinguishing element between letter 
sounds. 

Definition .of Vowels and Consonants 

A vowel is a definite sound pattern which repeats itself at 
intervals, while a consonant is a definite sound pattern dccur- 
ing but once. The consonant sound pattern must exist at 
least for 0.01, second, in order to be perceived by the brain, 
Q.01 second being the minimum perception time for speech 
sounds. The voweh sound patterns proper, are about 0.01 
second in duration, but as they repeat themselves again and 
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again, may be of any duration the speaker desires. Under 
this definition, the consonants are b, c = k, d, g, j, k, p, 
t, and the vowels are, a, c = s, e, f, h, i, 1, m, n, o, r, s, u, v, w 
= uo, y, z. 

Written language is made up of consecutive pattern pictures, 
one pattern or form standing for each letter of the alphabet, 
and the eye is able to distinguish between them if they approxi¬ 
mate the standard form. Likewise, spoken language is made 
up of consecutive pattern pictures, one pattern or form stand¬ 
ing for each letter of the alphabet, and I show in another paper 
not yet published, how the ear is able to distinguish between 
them when they approximate a standard form. 

In reading a submarine cable message on the tape, the eye 
must pick out the pattern forms of each letter. That the eye 
can read these messages as fast as ordinary writing is known 
to all cable operators. Spoken language is similarly a succes¬ 
sion of these different pattern forms, strung along one after 
the other, and the ear distinguishes each of these pattern forms 
as it arrives in the consecutive order of utterance, even as the 
eye distinguishes pattern forms of written or submarine cable 
language. 



Cable Message Received by the W. U. Telegraph Co., February 

11, 1915, Over an Atlantic Cable 

Speech may be whispered using no voice (without movement 
of the vocal chords). This fact was determined by actual 
observation of quiet vocal chords during a whispered word, 
^^ah.” 

Distinction between Speech and Voice 

Note the distinction between speech 'and voice and where 
each is produced, viz., voice by the vocal chords and speech 
through variation in the intensity of the compressed air forced 
through the throat, mouth, and nasal cavity. This variation 
in intensity is accomplished by the action of the muscles of the 
throat and mouth. Each person has a slightly different pitch 
of voice, men low and women high. An average man’s voice 
has a pitch lying between 85 and 160 complete vibrations per 
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second, while the average woman’s voice has a pitch lying be¬ 
tween 150 and 320 complete vibrations per second. Thus, the 
pitch of one person’s voice is different from another’s. 

But speech may be produced by whispering, that is, using 
no voice, and whispered speech always has the same sound, no 
matter who is the speaker, man or woman. Any person can 
determine this by his own observation, getting someone to 
whisper with him and comparing the sound of the whispers. 
No difference in the sound of the whispers can be heard. In 
other words, during a wh’sper, speech is independent of the 
vocal chord action. 

All previous speech records have been taken of spoken or 
sung words and none of whispered words on account of the 
lack of instruments sufficiently sensitive to record whispered 
speech. The resulting spoken records contained the funda¬ 
mental tones and overtones of the vocal chords as well as the 
mouth-tones and their variations combined in so complex a 
curve that no one has as yet succeeded in deciphering them. 



Section of Acousticon Transmitter for Whispered Speech 

I found that the acousticon transmitter hooked up to the 
Einthoven string-galvanometer, as shown in the sketch here¬ 
with, were very satisfactory instruments for making records of 
whispered speech, as they are both marvelously sensitive instru¬ 
ments. On account of whispered speech being independent of 
vocal chord action, it was decided to make photographic records 
of it from which to determine by careful study the true nature 
of speech. It is evident that the whispered speech records will 
not show the voice-tones and overtones but will simply show 
the mouth-tones and their variations in intensity. It is easy 
to follow the variation in intensity of one or two tones on the 
whispered speech records and thus pick out the intensity pattern 
for each letter sound which I call the phonographic alphabet. 
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The diaphragm is made of very thin carbon and so covers 
the recesses in the carbon block, without touching it, as to 
prevent the tiny carbon balls from falling out. The sketch shows 
how the acousticon transmitter collects sound from a large 
area and by a reflecting system concentrates it on the middle 
of the carbon diaphragm. There is no spring pressing on the 
diaphragm and it is believed that the diaphragm moves like a 
piston with the rarefactions and compressions of the sound 
waves. It is a highly damped instrument due to the weight 
of the carbon balls pressing against the diaphragm resisting its 
motion. 

Description of Method of Making Whispered Speech- 

Pattern Pictures 

The acousticon transmitter was placed in a large sound-proof 
telephone booth and supported by suspension, free of all vibra¬ 
tion. The diagram shows how the speech current flows from 
the acousticon through the storage battery cell, through the 
resistance, through the telephone receiver, through the primary 
side of the induction coil, and back to the acousticon; on the 
secondary side of the induction coil, the speech current flows 
through the string of the galvanometer. The string galva¬ 
nometer is an electrical instrument having a fine silver-plated 
quartz fiber, 0.0001 in. thick, supported between two poles of 
a huge electromagnet. Through a hole in the magnet poles, a 
powerful ray from an arc lamp is focused upon this quartz fiber 
or string. By means of another system of lenses, the image 
of the string is focused upon a slot in the rotating drum-camera. 
When a speech-current flows through this galvanometer string, the 
string vibrates back and forth in a direction at right angles to 
the lines of force of the magnet, and its lightest motion is mag¬ 
nified 900 times by the lens system. The shadow of the string 
vibrates back and forth on the camera-shutter almost exactly 
in proportion to the speech sounds. The camera photographs 
the vibrating shadow of the galvanometer string. A word is 
whispered repeatedly, and the speech is listened to in the tele¬ 
phone receiver as a check on the articulation of the words. 
When the shadow of the galvanometer string moves back and 
forth about two inches, a lever is pressed, the electrically opera¬ 
ted camera-shutter is held open for one revolution of the wheel 
and a photographic record, five feet long, of the word whispered 
is obtained. Extra-rapid film was exposed and good photo- 
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graphs obtained at rates varying from 1000 feet to one mile per 
minute. The rate of 1080 ft. was used mostly in this work as 
it gave a record with good intervals between crests of speech- 
waves, the best record to analyze. By interrupting the light 
from the arc lamp, 500 times per second, vertical lines were 
photographed upon the film at intervals of 0.002 second by a 
specially constructed time-wheel, for the necessary time record. 

For a consideration of the theory of the string galvanometer, 
I refer to Dr. A. C. Crehore on the “Theory of the String Gal¬ 
vanometer,” Phil. Mag., vol. 28, August, 1914. The amount 
of air and electromagnetic damping of the movement of the 
galvanometer string was large enough, so that the motion of 
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the string corresponded almost exactly to every component of 
the impressed speech currents, and the resulting speech records 
should be regarded as being as nearly correct records of speech 
as can be obtained by any recording instrument. 

Speech patterns of the same letter sound are almost exactly 
identical for all persons and independent of age or sex of speaker. 
Five hundred records were obtained of three men’s speech and 
one woman’s speech which prove this. 

«■ 

The Pattern Forms of the Natural Alphabet 
Each of the letters has its own pattern form. All following 
records are of whispered speech, except Nos, 1 and 2, 




220 


FLOWERS: TRUE NATURE OF SPEECH 


[Feb, 9 



Curve 1— u in yu 

^ Showing fundamental tone of voice to be 140 to 200 cycles per second, 
u equals 1100 cycles per second superposed upon the lower note in defi¬ 
nite pattern form. Male voice, spoken record. 



Curve 2—u in yu 

Fundamental tone of voice shows 250 cycles per second, u shows 
1050 cycles superposed upon 250 cycles per second in definite pattern 
form. Female voice, spoken record. 


a 



Curve 3 — Si in ao 

shows 2500 cycles per second superposed upon 500 cycles per second 
in definite pattern form. (Repeating pattern picture.) 



Curve 4— b in bay 

b shows special pattern picture. 

C equals S. 
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Curve 5 

shows special pattern picture. 


Curve 6 — e in me 

in me, shows 2500 cycles per second superposed on 200 cycles per 
second in special pattern picture. (Repeating pattern picture). 


Curve 7—f in fee 

in shows alternation of 1000 and 2500 cycles, special pattern 
(Repeating). 


Curve 8 —g in 
g in go, shows special pattern picture 
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Curve 9—h in hi 

shows special pattern picture. (Repeating) 


Curve 10—i in mi 

in special pattern picture. (Repeating) 


Curve 11—^i in hi 

shows 2600 to 2700 cycles in special pattern picture. (Repeating) 
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k shows special pattern picture. 


1 


%■ 






‘ f 


* ^ 4 

i ^ 




Curve 14— in lo 


shows alternation of 2500 and 1000 cycles per second in special 
pattern picture. (Repeating). 



Curve 15—m in my 

m shows 1200 cycles for 0.01 second, silence 0.006 second, 1200 cycles 
for 0.01 second in special pattern picture. (Repeating). 



Curve 16— n in ne 

n shows 1100 cycles with silence following in special pattern picture. 
(Repeating). 


o 



Curve 17—o in toe 

shows 1000 cycles in special pattern picture. (Repeating). 
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Curve 18—p in po 
p shows special pattern picture. 

q equals kyu. 




4 - 
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Curve 19~r in ro 

r • shows aUernation of 1000 and 1250 cycles in special pattern picture. 
(Repeating). 


S 



Curve 20—s in say 

shows 1000 alternating with 2000 cycles per 
upon 1000 cycles per second. (Repeating). 


second superposed 
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Curve 21—t in to 
t shows special pattern picture. 





Curve 22— u in tu 

U shows 1100 cycles in special pattern picture. (Repeating). 





Curve 23— v in ve 

V shows 1000 and 2500 cycles alternating in special pattern picture. 
(Repeating). 



Curve 24—^uo = w in we 


w in we, shows u equals 1050 cycles; same special pattern as tl passing 
into o equals 1000 cycles. (Repeating). 

X equals eks 

y equals u 1 

y equals T 



Curve 25— z in zee 

Z shows 5000 and 2000 cycles per second alternating over 1000 cycles 
per second in special pattern picture, (Repeating). 
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^From Helmholtz’s formula for resonance of a spherical cavity 
with a small opening, 


n 




3 r 




where n equals pitch of resonance of cavity, 
r equals radius of opening of cavity, 

R equals radius of cavity, 
a equals 33,226 centimeters, 

we can calculate the natural resonance tones of the mouth 
while uttering speech. I have done this and find that the 
resonance tones for the mouth vary from 800 to 3000 cycles 
per second, depending on the opening of the mouth. From our 
records, we find the pitches upon which whispered speech is 
uttered to be also from 1000 to 3000 cycles per second. This 
only shows, however, that pitch is an unavoidable characteristic 
of speech sounds. From the known facts, that a phonograph 
talking record may be run at more than twice the normal speed 
so that the speech tones must vary through more than a f ull 
octave and the speech is still quite intelligible, it is conclusive 
that pitch is not the main characteristic of speech sounds. 
That intensity variation is the main characteristic of speech 
sounds is well shown by the whispered speech records given, 
where no characteristic pitch is shown for b, d, g, k, p, t, but 
only defiriite pattern pictures. When the speed of the phono¬ 
graph is increased, this pattern is shortened and distorted as 
we hear, but its main form is retained and we judge it as nearly 
the same as the sound at the correct speed and therefore are 
able to undemtand the speech. The pitch of speech sounds 
then, only exists as a carrier of the speech-variations. In an¬ 
other paper not yet published on the Nature of Hearing and 
Perception, it is shown how pattern forms operate memory 
cells, and how we thus perceive the letter sounds of speech. 

In general, the pattern form persists for at least 0.01 second 
and if the letter sound is sustained, the pattern repeats itself 
again and again. See pattern picture of letter d sound, curve 
No. 17. One-hundredth second is the perception time. This 
IS proved in the paper mentioned above. Therefore the mouth 
IS a device for producing patterns of the necessary length and 
repeating them for sure perception. 

Repetitions of pattern pictures of letter sounds (several 
imes to make up a letter sound; see record of vowel d, curve 
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English Phonographic 
Alphabet Alphabet 

0.01 Sec. 0.01 Sec. 


Submarine 

Cable 

Alphabet 


a 


d 


f 


9 


h 


m 


n 


P 
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V 


w 
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■ V 


12 



c«s 




tusx 


r 


k c 


No. 17,) are due to simultaneous excitatory and inhibitory 
action of impulses on same or opposing muscles in the mouth 

or throat. At one moment 
excitatory impulse over¬ 
balances inhibitory im¬ 
pulse, then a maximum 
appears on the speech 
curve; when the excitatory 
and inhibitory impulses 
balance by interference 
(equal pull on muscle) 
no or little amplitude 
is shown on d curve. “ A 
slight and rapid muscle 
tremor is regularly pro¬ 
duced by the simultaneous 
play of excitation and in¬ 
hibition on one muscle, just 
as ^ progression ’ and other 
rhythmic movements are 
regularly produced by the 
simultaneous play of exci¬ 
tation and inhibition on 
antagonistic muscle pairs. 
One muscle can actually 
receive excitatory and in¬ 
hibitory influences simul¬ 
taneously, and this condi¬ 
tion results in a peculiar 
and characteristic muscle 
^ tremor’. ’ ’ (Sherrington 

C. S., ^‘Nervous Rhythm,” 
Proc. Roy. Soc., 1913, Ser. 
B, 86, 219-232; Forbes, A., 
Reflex Rhythm induced 
by concurrent excitation 
and inhibition,” Proc. 
Roy. Soc, 1912, Ser. B, 
85, 289-298.) 

The repeated use of patterns is the physiological basis of 
memory. 

I conclude from an exhaustive search of 500 vowel and con- 
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sonant curves, that an accumulator or memory cell exists in 
the brain for each letter sound, detecting a definite picture 
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Fig.I-General Arrangement and Wiring Diagram of the Voice- 
Operated Phonographic Alphabet Writing Machine 

pattern, such as that of the letter o which has a simple character 
o varying amplitudes, but repeats this character or picture 
pattern about 100 times a second. Since it takes 0.01 second 
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to perceive a picture pattern (perception time for sounds), this 
seems the right length of time (0.01 second) for a definite picture 
pattern to last and then to have repetition. 

Having shown that speech is made up of a set of pattern 
pictures of sound waves called the phonographic alphabet, it 
seemed feasible to design and construct a machine which would 
record speech automatically in ink on paper in the form of this 
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Fig. 2—Mechanical Arrangement of Mirror-Moving Mechanism 
OF THE Voice-Operated Phonographic Alppiabet Writing Machine 

easily read compact system of natural characters called the 
phonographic alphabet. This machine has been carefully de¬ 
signed and will be completed in the. near future. 

Voice-Operated Phonographic Alphabet Writing 

Machine 

Fig. 1 shows a wiring diagram and general arrangement of 
the elements of this machine. Notation on the sketch explains 
the function of the different parts of the device. Fig. 2, in 
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plan and elevation, shows, the mechanical arrangement of each 
electrical resonator circuit and how the resistance of the selen¬ 
ium cell is varied by the differences in the amount of light com¬ 
ing from the vibrating mirrors. 

Method of Operation. On reference to Fig. 1, it is evident that 
by talking into the telephone transmitter, speech currents are 
caused to flow into the electrical resonator circuits. An au,dion 
may be used as a relay if desired, to increase the strength of 
the voice currents. That resonator which is tuned to the main 
tone of the speech at any instant, will respond, the current 
existing in it at any moment varying in strength according to 
the speech-variation. The magnetic strip placed over the poles 
of the electrical resonator magnet will vibrate powerfully (if 
the electrical tuning of the electrical circuit and the mechanical 
tuning of the magnetic strip are of the same tone as the tone of 
the speech). On reference to Fig. 2, it is seen that the vibra¬ 
ting magnetic strip causes the connecting rod to oscillate the 
tiny shaft held in jewel bearings. The connecting rod is pinned 
to the tiny shaft only 0.004 in. from the center line of the shaft. 
In this way, a motion of the magnetic strip of 0.0001 in. will 
cause angular motion of the tiny shaft of degrees. A mirror 
fixed to this tiny shaft will oscillate with it and cause the beam 
of light from the tungsten or other lamp to be reflected onto 
the selenium cell. In the normal position of rest the mirror 
reflects the light beam onto a blank space at the middle of the 
selenium cell box where it has no effect on the selenium cell. 
When the reflected beam of light oscillates, both parts of the 
selenium cell on each vSide of the blank space will be illuminated 
and the resistance of fhe selenium will be decreased, allowing 
more current to pass through it from the battery and causing 
the electromagnetic recording pen to trace a wavy line on the 
paper sheet fastened to the revolving platen. 

To illustrate the method of operation: Let the word “go^’ 
be spoken into the telephone transmitter. From our table of the 
letters of the phonographic alphabet we shall expect the recording 

pen to write ^^go” in the form of ^ g >PoQ . It is known from 

my research that there are present in the sound of a man’s speech, 
principal tones of 100 cycles per second (the fundamental tone 
of a man’s voice), 200 cycles per second (the 1st overtone of the 
man’s voice), and a tone of approximately 1000 cycles per 
second (the resonance tone of the mouth for the o-position.) 
These three tones will be moulded or varied in intensity simul- 
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taneously by the muscles of the throat and mouth, first in the 
g-form (a sudden explosion of the three tones) and then in the 
o-form (a quick waxing and waning of the three tones.) Three 
tuned electrical resonating circuits marked respectively 100, 
200 and 1000 cycles will simultaneously respond to the three 
tones and three beams of light will oscillate over the face of 
the selenium cell, each vibrating after the same pattern at 
the same instant of time. The current in the selenium 
cell and in the recording-pen magnet will vary in strength, 
first according to the g and then to the o-form, causing the 
writing in ink on the rotating paper cylinder of ( ^ . In the 

same way, all letter sounds are written and we thus have a 
visible-writing machine recording our thoughts as rapidly as 
we speak, in the natural alphabet. 

This work was conducted by cooperation of the Dept, of 
Physiology, College of Physicians and Surgeons, New York, 
and the Underwood Typewriter Co. 
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Discussion on ‘'The True Nature of Speech'' (Flowers), 

New York, Feb. 9, 1916 

H. B. Williams: Mr. Flowers has made a definite and valu¬ 
able contribution to the physiology of speech by showing that 
in whispered speech the vowel frequencies are very nearly the 
same for all adult individuals. 

His theory that the peculiar curves he obtains at the beginning 
of spoken or whispered syllables where the first sound in a con¬ 
sonant is due to variations in intensity of the vowel sounds, is 
ingenious and interesting, but I believe the curves admit of a 
different interpretation. Such curves could undoubtedly be 
analyzed into a number of higher frequencies and the fact that 
in all of the curves of consonant sounds there are marked depart¬ 
ures from the sine wave form lends color to the view that higher 
frequencies may be present. 

To record all frequencies of a complicated sound in proper 
relative amplitude, the recording instrument should have a 
natural period higher than the highest component by at least 
one power of ten. 

The galvanometer employed by Mr. Flowers for most of his 
work had a natural period not far from 250 and was critically 
damped. If the accessory apparatus was arranged so as to give 
satisfactory amplitude when this instrument was executing forced 
vibrations at the rate say of 2000, a rate of four or five times 
that would be almost entirely smoothed out. For this reason I 
think it unwise to draw too sweeping conclusions from records 
obtained by this method. 

The experiment of running a phonograph at different speeds 
and securing clear articulation might be also explained by the 
assumption that the sound is recognized by the association of a 
number of frequencies which bear a definite relation to each 
other. No one, so far as I am aware, has ever assumed that 
the speech sounds were characterized by a definite absolute 
frequency. 

L. T. Robinson: It seems to me in the paper now before us 
and in a great many previous writings, we have gone too far on 
the assumption that the electrical wave was the sound wave. 
There is enough difficulty, perhaps, in recording the electricai 
wave; but there is a tremendous difficulty, in my own mind, in 
making that leap from the sound wave to the electrical wave. 

I have done enough work in this line to convince myself that 

in most cases the sound wave and the electrical wave are auite 
different. 

Albert C, Crehore: I have had some experience with the 
galvanometer which has made these records, for another kind 
of work, a study of the nerve transmission. Here the galvano- 
prS'Ctically short circuited through the induction coil 
and for that reason the electromagnetic damping is very great. 
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In the case of the work I was doing, there are ten thousand, 
twenty thousand or thirty thousand ohms in a little section of the 
nerve that comes in so that it is a comparatively undamped 
vibration. 

There is one thing which Mr. Flower’s work has almost estab¬ 
lished, and that is where he. has differentiated between whispered 
speech and speech involving the vocal chords. The consistency ob¬ 
tained in these curves for whispered speech in different individuals, 
whether male or female, is very striking, and there must be some 
foundation for it. I do not mean to have you understand that the 
curves which are here given represent accurately the current or the 
sound wave necessarily. Whether they do or not, you can com¬ 
pare the consistency of them—I mean to say if under similar 
conditions, you have a constant result, it has a meaning irre¬ 
spective of the fact whether it is a true record or not. In 
using such a galvanometer we always take the control, that is, 
place a known potential suddenly.’' across the terminals and observe 
the defection and time record. This is invariably done dur¬ 
ing the course of any work with the galvanometer, because you 
can change the tension* of the string at a moment’s notice. I 
would like to see a control curve showing the condition of the gal¬ 
vanometer for these records. I assume that the string was slack 
and had a very low period of vibration, necessarily, because there 
is not vSufficient energy to get results otherwise. But under these 
conditions we are recording forces or vibrations' with a string 
which is absolutely damped, and there would be no over-shooting 
of the string if you should deflect it. Imagine the string at the 
top point of any one of the curves, where the force suddenly re¬ 
verses; if the same force had been left on indefinitely, the curve 
would have risen up far beyond its base, so that it is not a true 
record of the force that is there at any given moment if we 
calibrate the instrument with direct currents. The average 
force is practically zero, and so you have a wandering zero. 
I do not think that detracts to any material extent from the 
deductions you can make from the records, even though the curve 
which Mr. Flowers gives as an alphabet mav have to be modified. 

William Maver, Jr.: In Dr. William Hanna Thompson’s 
work “Brain and Personality,” in debating the manner in which 
the nerves and muscles of the body are trained and controlled, 
he remarks that certain instances to which he has referred of 
highly trained muscles cannot be compared for complexity and 
difficulty with the training of the muscular organ, the tongue, 
for the movements necessary for articulate speech. An animated 
orator, he adds, has to make a greater number of rapidly suc¬ 
ceeding and yet perfectly adjusted contractions and relaxations 
of his muscles of articulation than any famous performer on a 
musical instrument. Mr. Flowers apparently has accomplished 
the difficult feat of photographing the rapidly varying vibrations 
due to these rapid yet perfectly adjusted contractions and relax¬ 
ations of the muscles of articulation. 
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In accord with other writers on the general subject of the 
fixation of knowledge in the brain, Mr. Flowers expresses his 
belief that a particular brain cell receives the impression of a 
given pattern picture. In this relation, Mr. Flowers later points 
out that when one becomes familiar with the phonographic 
alphabet he will be able to read it as easily and as intelligently 
as the telegraph operator reads the signals used in submarine 
telegraph}^ 

We might find an analogy to the view that particular brain 
cells respond to given pattern pictures in the case of certain 
printing telegraph systems. For instance, the Baudot system, 
much used in Europe. In this system combinations of five 
pulsations of positive and negative current are transmitted over 
the wire for the letter of the alphabet, a different combination 
for each letter. According to the manner in which these pulsa¬ 
tions of current arrive, certain relays will be operated, and these 
relays in turn will select the letter represented by a given com¬ 
bination of pulsations, by bringing the desired letter on a type- 
wheel opposite^a paper strip, on which the letter is immediately 
printed. This is termed in the art, selective printing telegraphy. 

As a matter of interest, it is quite as accurate to say that the 
Morse telegraph is also a selective system of telegraphy, whether 
the signals transmitted by that system are received on a paper 
strip as dots or dashes, or by audible dots and dashes, so-called. 
In receiving messages by sound, the ear transmits the combina¬ 
tions of dots and dashes representing given letters of the alphabet 
to the brain cells that have been trained for this purpose, so- 
called memory^ cells, and the brain cells concerned respond to 
the given combination of signals, and we or the something within 
us which I think Dr. Thompson would term our personality, 
recognizes the signal for what it is meant. Correspondingly, 
the trained brain cells, or as we would say in telegraph phrase¬ 
ology, the properly adjusted brain cells, which receive through 
the eye their impressions of Mr. Flowers’ phonographic alphabet, 
respond by vibrating or otherwise in such manner that again 

our personality recognizes the impressions for what they are 
meant. 


Perhaps for the purpose of assisting in illustrating the foregoing" 
we can ntiliee Fig. 1 in Mr. Flower'l paper. Let Ss considir the 
tuned electronaagnets m the diagram as the equivalent of the 
memory cells of the brain which have been attuned or adjusted 
to special rates of vibration, or otherwise suitably adjusted, by 
frequent visual repetition of the pattern pictures. Now, whether 
the memory cells when stimulated by the pattern picture are 
the equivalent of a selenium cell or the equivalent of an electri- 

Sth ^ ET interpretation, deponent 

will have some enlightenment 

a subject m his forthcoming paper on the nature of 
neanng and perception. 

J- Regarding Mr. Flowers application of 

the selenium cell in his work, permit me to say that while people 
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with limited experience ridicule the employment of the selenium 
cell because of its unreliability, its inertia, etc., I wish to say 
that I have frequently demonstrated its reliability, and some of 
its many practical applications, were shown before the Insti¬ 
tute at its joint meeting with the American Electrochemical 
Society on April 17th, 1903 during my lecture on “Radium, 
Selenium, etc.”, at which time I operated 5-h.p. motors and gen¬ 
erators, fired cannon, turned lights on and off, talked over a 
beam of light, etc., by means of selenium cells and an acetylene 
lamp, and the proper relays and switches. 

As illustrating in a remarkable manner the sensitiveness of 
the selenium cell to sound recording reproductions and trans¬ 
mission, I beg to call the members’ attention to Mr. Ernest 
Ruhmers photographophone which I described at my lecture in 
1903, and which I personally operated in Berlin in 1902. 

In these extraordinary experiments, when one talked in a tele¬ 
phone transmitter connected in a shunt circuit of an arc lamp 
it caused the light to vary as a manometric flame. The light 
beams were passed through a cylindrical lens in the front of a 
moving picture camera and photographed in striations of vary¬ 
ing width and intensity upon the moving film. After the film 
was developed and put back into the box and the arc lamps 
replaced (but now burning steadily) the striations on the film 
acted like slats in a shutter to allow more or less light to pass 
through the'film and to then fall upon a selenium cell in the back 
of the box. To this cell a pair of telephone receivers was con¬ 
nected, through the intermediary of which the original message 
could be distinctly heard. 

Let me further remind the members of the comparatively 
recent and entirely successful transmission of pictures through 
the intermediary of the selenium cell, from Paris to London, 
across the English Channel, the pictures appearing in the Lon¬ 
don papers within a few hours. 

L. W. Chubb : I have made some tests to check some of the 
present theories of speech and vowel sounds. The theory of 
constant frequency and mouth resonance for vowel sounds, was 
disproved both by the phonograph test, also tried by Mr. Flowers 
and by the singing of vowels at a note of higher fundamental 
frequency than the supposed frequency of the vowel. As an 
example the vowel “oo” is supposed to be represented^ by the 
resonance or amplification of harmonic frequencies around-400 
cycles per second, and yet the vowel or a word containing it 
could be distinguished when sung several notes above high C. 

The results of such tests and the disagreement between spoken 
and whispered vowel sound waves, makes me feel that the reso¬ 
nance at constant frequency, although present, is not the distin¬ 
guishing feature of the sound. 

Is it not possible that Mr. Flowers’ pattern theory is correct 
and that the resonance of certain frequencies in certain sounds, 
is unconsciously produced by the speaker so as to combine adja- 
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cent harmonic components in such a way as to get a low freouency 
pattern or beat? 

Comiort A. Adams: Dr. Kennedy has done a large amount 
■or work, both theoretically and experimentally, in analyzing the 
connection between the vibration of a telephone receiver dia- 
phram^ and the current producing it, as well as the relation of the 
deflection of an oscillograph system to the current producing it, 
over a wide range of frequencies. On the.oscillograph end of this 
work, in which I have been much interested, we have found that 
e record is fairly accurate up to within a comparatively small 
percentage of resonance. ^ That is, there must be no appreciable 
amonics of that order in the current being measured. Theo¬ 
retical y the problem is extremely difficult when all the numerous 
yanables are considered, but fairly reliable results can be ob¬ 
tained, when the limitations of the instrument are appreciated. 

recordT^^ very easy to be badly misled by oscillograph 

T ^ remarks upon Mr. Flowers’ paper, 

in chiefly the application of the string galvanometer 

shown in the illustrations in the 
onfJb i inopportune to introduce a theoretical dis¬ 

cussion of the galvanometer in connection with this paper merely 
because I have worked out the theor-jr nf ,•+ 

tn hp -i V 5 ineory of it. There is a great deal 

to be said about it- and of a very complex nature. We have to 

Th^k of coinple.x motions of a stretched string, 

bow setiriCT ^^.2- Violin string set in motion not by the 

field distriiiifed ^ point of the string, but by the magnetic 

most of the length of the 

Would accept the 

strinTSder the movement Sf the 

could nofpLLhlv he ™Po®^d by Mr. Flowers’ problem 

S souS or Tth b®?^fy®P''.°'^''®tion either of the waves 

it closely if the cnn dhstnng, but it might approximate 
thh pS at r'• emphasized 

it to be feasible ’ Pe^ers findings, for I believe 

which does not recoiT thTe^reet ^ some value with an instrument 
muchvflliiflhieri^ff'?^^ !i?® ? sound waves but yet shows 

that if similar tesn'lwlire’obtoiaed^^^^ 

r =p^?s^nTS*av“; 

h«« 1 . -r® ^bis is where I think Mr Flowers 

has made a real contnbution to our knowledge 

It is my conviction that the records are "'Kor.-i- 
tions with all existing instrumeSrand thific S approxima- 
a theory of theinstnii?iPTife • is the reason that 

why tte records are^n?<^^i'VHn“^"^ 

make the approximatiS doser. ‘^®"® 
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The way in which the magnetic field is distributed along the 
length of the string is of prime importance in the resulting mo¬ 
tions of the string. In instruments as now constructed this 
field is uniform as nearly as this condition can be readily ob¬ 
tained over nearly the entire length of the string. If the field 
were exactly uniform the proof is very simple that the curve 
assumed by the string is the arc of a circle under the action of a 
steady direct current, no matter how great the deflection. This 
fact gives rise to certain complex motions of the string, each cor¬ 
responding to the terms of a Fourier series expressing this cir¬ 
cular arc, that is, when variable currents are applied. The 
simplest possible manner of the field distribution along the string, 
so far as the resulting motion of the string is concerned, is that 
of a sine-curve, the field strength being a maximum at the center 
and tapering according to the sine law towards both ends. 
With such a field the curve assumed by the string under the 
action of a direct current is also that of a curve of sines, which, 
therefore, is expressible by the first term only of a Fourier series. 
The motions of the string under these conditions are the simplest 
possible, and the complete solution of the motion of the string, 
for any kind of a current is known. This solution is complex 
enough, to be sure, but it is safe to use this solution as a basis 
for making certain deductions, and if it is apparent in this 
simpler case that the string can not follow exactly such sound 
waves as Mr. Flowers applies to it,' so much the more would 
this be true for the more complex solution in the ordinary case of 
uniform field distribution. This solution in the case^of the sine- 
wave distribution of the field for a simple harmonic e. m. f. 

e = El cos o)it=f (t) ( 1 ) 

is, for the periodic portion of the motion alone, 


HqE cos (ooit- ei) _ 71^ 

“ pR 1(^2 - I ’ ^ ^ 

where y is the deflection of any element of the string at the dis¬ 
tance X from one end of it, and I the length of the string. iJo 
is the strength of the magnetic field at its maximum point in 
the center of the string, p the mass of the string per unit of 
length, and R the total resistance of the circuit, in which the 
inductance is supposed to be negligible. These and the other 
quantities in this equation except t are constants, and the equation 
gives the motion of the string as a function of the time. The 
phase angle e, is such that 

ki COi 


tan €i = 


— coF ' 


( 3 ) 
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and the constants and k^ in terms of the prooerties of 
stnng and the air damping factor k are Properties of the 


ni = 


TT 

T 


and 


k I — k 


p 

HqU 

2pR 


(^) 


( 6 ) 


W'hen the e. m. f. is a complex fnnetin-n *j. • 

pressible as a Fourier series oHo^ f ^ the time, it is ex¬ 
complex motion of the strino- ic tVi erms, and the resulting 

of each staii £ rwSrr 
IlTwaf .r^S 

.Ilustrated aa curves. Siuce the owSs stofS 



usually made at its central point, where , - 1 / 2 , we may first 
simplify ( 2 ) above by making sin ^ ~ I, and writing y. for 

3^, this meaning the deflection of the oentpr rpf +. • rT\t 

curves that are instructive are the relarin?= k 1 

tions of the string produced per ‘5= 'leaec- 

alone van«, keeping the resistance of the cheSt lolTv? 
Curve I, Fig. 1 , is such a curve plotted from f?! ci-, • 
crease in the deflection per amnerp im ™ -r- ®^°wing an in- 

1000 ™ P®^ ^“P®re up to a cntical frequency of 

2^ . and then rapidly falling off for a further increase The 

£“ori^£alif aSSred Z?tS““ '=>' ““st. 

same thing, the onlv differenr^p IbS^^ it, represents the 

chosen for the circuit is one 

pressed volts is^ZtSrth th£S™nf “<* “p ™- 

uiic bem;n,me current being the same. Curve III 



1916] 


DISCUSSION AT NEW YORK 


239 


shows a further decrease to a one-tenth value in the resistance 
and volts, the current being the same in the three curves. The 
resonance effect has entirely disappeared in these ^latter two 
curves. From (2) the maximum value of the deflection may be 
wntten 



Yo _ 

{{n-? — coi^)^ + k-^ 


, where Fo 


H^E 
p R 



or at the critical frequency, when ni — coi, this is simplified to 

Fo Ho E 


Fi = 


ki OOi 




( 7 ) 




And if the damping factor ^ - -j^ is small compared with the 



Pig. 2 


quantity k, the air damping factor, the deflection at this critical 
frequency with the same current and frequency is almost exactly 
inversely as the resistance of the circuit, as is evident in these 
three curves. 

If tlie value of ni is reduced to one third of its value for these 
three curves by increasing the tension on the string, we would get 
a curve like IV for the same resistance in circuit as that in Curve 
.1. This shows a much sharper resonance point. The voltage 
and current for this curve are, however, increased so as to give 
the same deflection for a direct current or a zero frequency. 

Another set of instructive curves are those showing the changes 
in the phase angle €i (3) with a change in the frequency, other 
things remaining unchanged. Some of these are shown in Fig. 2, 
Curve I being that corresponding to Curve I of Fig. 1, where the 
critical frequency is such that coi = 1000, and resistance the 
same as in that curve. A decrease in the resistance alone will 
change this curve into one like Curve 11. Curves III and IV 
are a similar pair for the case of greater string tension. III cor- 
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responding to IV in Fig. 1. The oha.cjp ,-o 

case at the critical freouencv each 

SmdS””''' ‘’"■“"8'* “ro. *° “PProach-90"'ltv”,^greatfre[ 

then working at a point on th/curves nf'" we are 

rieht of the some distance to the 

deflection curves in Pk 1 Tfwpha/i-hr^ 

deal with a single sine-wave voltao-p air^-n^ ^-p^‘ * • dad to 
and deflnite frequency the record wn,n!i - intensity 

proportional to this voltage but if thp deflections strictly 
would get a slightly different deflection decreased we 

The fact, however, that thesfc^^s SLv 
height with an increase of frequercvThL l 
from the critical freouencv me^ to removed 

to proportionality may be fairlv cIocia n ^ approximation 
freaaenci«, li cL nettVZT ‘ »' 

oyer a certain ran^^b^this^nhase^an constant 

■ difference if we only have to ro a make much 

making of the record is mer^v f single-sine-wave. The 

cycle behind the current in the S ^ 

harmonic forces', that eo to -maVo ^-■u^ when two or more 
which we are concerned are nr^t complex waves with 

Piase anrle or art^^aTbe'cr^i^rr^a™”?; Ifn ‘i' 

the faqlScT of ae"lhS° ne'”? ™r ““‘2 

large fh higi; friueSdS ap"4?f“? l>lfe°*T¥’‘ “Tj' 

that the absolute shift in time wnnl,? 

slower wave as for the faster and tbat^+h • 

to one quarter cycle of the hivber relative shift amounts 

waves coincidedTn pJlsfthe Srn^ “ original 

ing at the zeros and the maxiS nf tb?®i ^^^^^ency com- 

would so coincide in the record hm-^t wave, they never 

quency would come at the r r f^e- 

This condition would not ?iVP a mr+Vi' higher frequency. 

original, but it might answer somJM^ifna^'^-f 

one particular frequency. purposes if one were studying 

only be fairly coLtanPo^T^rSnsidfrSle ?a^^^ b^f“ w" 
niay also be zero over tbici rann-a n but that it 

relative phases are not SsdS a^H T?^' condition the 

standing that all the Lwer^frSuefcvv?'^'^^^ ^^®™*^®''- 

mampHtude a little more than the S7 magnified 

It IS possible with a s?ring SlvaZom^wT"‘^• ^® 

wave m an approximately correct form but°oZ^h°^^ ^ complex 

It IS evident, also, from the nrerprli-T,^ ^ approximate. 

, iioin me preceding remarks that it will not 
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do to calibrate this galvanometer means of a direct current, 
and expect that for each deflection observed in the high frequency 
record the current is the same as that due to a direct current of 
the same intensity. Curve III, Fig. 1 shows this. The current 
is the same throughout this curve, and the small deflection at the 
high frequencies is in great contrast to the large one at the origin 
where the current is steady. If at any point of the record save 
where the current is zero one should suddenly maintain the 
current then existing, fixed, the deflection of the string would in 
general go way out of the field, becoming very large. If, how¬ 
ever, you are so well acquainted with your instrument as to know 
its constants and exactly what you are doing, the calibration with 
direct currents together with the use of a theory will give the 
deflections to be expected at any frequency. 

I have illustrated this subject by the use of an ideal string 
galvanometer, the like of which does not exist, and have shown 
that we may only hope to get a fairly close approximation in any 
case to the current in the string, and have not said anything 
about the phase shifting effects of the induction coil and tele¬ 
phone transmitter as being beyond the scope of my remarks. 
If we should employ an actual string galvanometer, whose 
magnetic field is approximately uniform throughout the string, 
the approximation would not be so close as that obtained with 
this one. In skilled hands this instrument is capable of giving 
results that can be relied upon, but it is important to know its 
constants, and to understand the theory of it in order to arrive 
at those conditions which will give the closest approximation to 
any desired result. When there is a complete knowledge of these 
things it is possible to apply the theory to certain records, and 
correct the records to give the probable true currents in the 
string. 

The curves which I have used to illustrate my remarks are not 
those which apply directly to the condition of the galvanometer 
as Mr. Flowers has used it. In his case the electromagnetic 
darnping is the larger of the two, and in these curves I have 
supposed that the air damping is the greater. 

J. B. Taylor: This paper may be discussed from several dif¬ 
ferent points of view: 

First, the connection between the nature of speech and elec¬ 
trical engineering. 

Second, the correctness of the photographic records offered, as 
representing the form of the associated sound wave. 

Third, the correctness and originality of the theory favored by 
the author based on these photographic records or on his other 
data. 

Fourth, assuming the theory to be correct, how closely may the 
author’s “ pattern pictures ” for the alphabet from ^ to Z be 
taken to represent the true patterns? 

Fifth, can a voice-operated machine be made along the lines 
described to write definite, readable characters when spoken 
into? 
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The nature of speech is quite as proper a subject for considera¬ 
tion by electrical engineers as any of the problems of telephony, 
since for perfect speech transmission, there must be exact cor¬ 
respondence between the sound waves produced by the complex 
actions of the speech mechanism, the mechanical motions of 
telephone apparatus and also of the transmitted current as 
modified by resistance, reactance, capacity, permeability and 
hysteresis of iron, etc. Theoretical and practical difficulties 
all along the line prevent perfect sound transmission. The 
telephone user, conversing easily day after day, often fails to 
realize the dependence which is placed on context and is 
at a loss to explain the difficulty of understanding proper names, 
figures and unfamiliar words. Note the changes which have been 
made in telephone call letters in the attempt to reduce mistakes, 
and the special telephone language which is springing up to 
further assist in this direction. Any attempt to improve tele¬ 
phone apparatus and transmission or transformation conditions 
must have as foundation, knowledge of the essence of speech and 
a knowledge of the relative importance of the different factors, 
so that where compromise must be made, the more necessary 
speech factors will be the least disturbed. These remarks apply 
as well to loud-speaking ” telephones for train announcing and 
similar uses, and perhaps with even more force, to the rapidly 
developing field of radio-telephony where many new devices 
and remarkable transformations are brought into play. 

Regarding the photographic records, it should be borne in 
mind that these were made with the help of a string galvano¬ 
meter. While this has high current sensibility, as compared 
with an oscillograph, its natural period is perhaps 300 or 400 
per second against the figures 6000 to 10,000 for the oscillograph. 
This would call for some correction on all of the curves, and 
indicate markedly different appearance in those, such as numbers 
3, 6, 7, 11, 12, 14, 20, 23 and 25, where the author assigns fre¬ 
quencies of 2000 to 3000 cycles and in the last case up to 5000 
cycles per second. No mention is made of the natural frequency 
of the acousticon transmitter and diaphragm with its connected 
parts and closely associated air cavity. In my study of sounds 
and telephone currents with the oscillograph, I have found the 
form and adjustment of the transmitter, a highly variable factor 
in the resulting record. For example, in A.I.E.E. Transactions, 
Vol. XXVIII, 1909, Part II, page 1169 oscillograms are shown, 
made with different transmitters. Though the records differ 
greatly in appearance, the inexpert telephone user would prob¬ 
ably notice no difference in the receiver. 

Bearing on this criticism, Mr. Flowers has replied that the 
correctness of his records was checked by constructing a selenium 
cell phonograph and that the reproduced sound was distin¬ 
guished as being the same vowel or consonant originally uttered. 
Such a test I believe shows merely that much liberty can be 
taken with the shape of a sound wave, as is actually doiiQ with the 
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regular telephone, and still have recognizable speech. I base 
this statement principally on some tests in which several tandem 
conversions were made from electric current to sound, back to 
current and again to sound, with oscillograph examination at the 
different stages. 

Many experimenters and observers have studied the nature 
of speech and numerous devices have been employed to analyze 
or record the sound wave. ^ We may mention the phonautograph 
of Leon Scott, spherical resonators, sensitive flames, diaphragms 
arranged to deflect a beam of light, diaphragms set up as part 
of an interferometer, motion of soap films, study of telephone 
currents by resonant circuits, oscillograph or string galvanometer 
and by microscopic examination or enlarged transcribing of 
phonograph records. 

Following some of the theories as to the nature of speech of¬ 
fered as a result of these studies and also by independent cut- 
and-try methods, various attempts have been made to construct 
■machines which under proper manipulation would talk or at 
least produce one or more of the speech vowel tones. 

As regards the consonants, it is quite generally agreed that 
these are not properly sounds but merely different fashions of 
beginning or ending certain other sounds. The very name itself, 
consonant, indicates that it is something that goes along with the 
sound rather than being sonant, or a sound of itself. Of all the 
possible speech sounds, there are of course many which are 
neither definitely vowel nor consonant in character. Mr. 
Flowers quotes Helmholtz to this effect on the second page of 
his paper and as far as the consonants are concerned, his records 
and conclusions appear to be in agreement with the generally 
accepted view. 

The theory of speech, however, about which there has been and 
still is a pronounced difference of opinion, relates to the vowel 
sounds and here opinion has been principally divided between 
what is called the “ harmonic ” theory and the “ absolute pitch " 
theory. 

According to the harmonic theory, one vowel is distinguished 
from another in the same way as are two different styles of organ 
pipes, by the number and relative magnitude of partials consisting 
of fundamental and harmonic over-tones. To demonstrate the 
correctness of this theory, elaborate sets of electrically operated 
tuning forks with associated resonators, for controlling intensity 
of sound sent out from each, have been constructed. Although 
a great range of tone quality can be produced with such a set of 
resonators, personally I have never witnessed the apparatus 
manipulated so as to produce anything fairly approaching a 
speech vowel. Nor could I produce any of the vowels from a 
more complete apparatus, consisting of a number of electrical 
generators in harmonic series with arrangements for controlling 
the intensity of each. 

In the early analysis of speech, it was found that certain 
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resonators responded readily to a given vowel ^ tone, more 
or less irrespective of the pitch of a speaker’s or singer s voice. 
This fact coupled with unsatisfactory results obtained from the 
series of harmonic forks, brought many adherents to the absolute 
pitch theory. If pitch alone were the essence of vowels, they should 
be heard frequently from a pipe-organ or from an orchestra. 
Such, however, is not the case. I have made phonograph tests 
(similar to that cited by Mr. Flowers) some years ago and agree 
with his conclusions on this point. Incidentally and as indicat¬ 
ing the great caution which must be taken when using the phono¬ 
graph to determine the essence of speech or study the quality of 
a sound, I may mention that Professor D. C. Miller several 
years ago, at the Cleveland meeting of the American Association 
for the. Advancement of Science, operated a phonograph at 
normal and at reduced speed to show his audience that one vowel 
would change into another—in other words to show the correct¬ 
ness of the “ fixed ” or absolute pitch theory, the indentical 
experiment which Mr. Flowers cites to d'emonstrate the incorrect¬ 
ness of the same theory. The difficulty lies in too^ much psy¬ 
chology in proportion to the amount of physics. Having reason to 
doubt the sufficiency of either of the prevailing theories, or both 
in combination, I attempted to get at the root of the rnatter by 
observing and recording telephone currents with an oscillograph. 
The first of these records was taken in 1904 and the reproduction 
of a telephone current appearing on page 212 of Vol. XXIVof 
the A. I. E. E. Transactions for 1905, is the earliest publication 
of such a record that I am aware of. 

My records are not closely comparable to those in Mr.Flowers’s 
paper for reason that he has limited his discussion to whispered 
sounds, whereas I gave attention principally to the sustained 
open vowels. Of these, the starting point is naturally the^A 
(as in far.) This is the vowel which is produced by the voice 
mechanism with the muscles in the normal or relaxed position. 
It is the vowel on which the baby naturally cries, and it is exten¬ 
sively used in oiir vocabulary, as also in that of every other lan¬ 
guage. This sound however, does not appear among Mr. 
Flower’s photographs nor in his alphabet of pattern pictures. 
This is because our alphabet is largely a series of arbitrary names 
for certain written or printed characters which in turn, in use 
may have any one of several different sounds. A more complete 
phonetic alphabet would have instead of 26 letters, approximately 
twice as many sounds of which, without going into the fine shades 
of pronunciation, some 14 or 15 would take the place of the 
present 5 character names for the open vowels. 

I have previously described the sound A (as in far) as consisting 
of a series of relatively high frequency vibrations following a ‘ ‘ curv e 
of intensity.” In the case of my own voice the vibrations proper 
come at the rate of 720 per second with an intensity cycle fol¬ 
lowing a fairly definite curve at the rate of around 100 per second. 
The 720 cycles are subject to little or no control, while the 100 
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cycles (which is the pitch of the voice) may be lowered or raised 
to the pitch I may desire to speak or sing without materially 
changing the 720 cycles. Three typical oscillograph records with 
the voice differently pitched, are shown in Fig. 3 and 3a. If curves 
of this character are analyzed, asisfrequently done by Fourier’s 
series, the fundamental is practically absent and a long list of 
harmonics each with a particular phase relation is needed to 
approximate the record. Some experimenters have maintained 
that given a tuning fork for each of the harmonics shown by the 
analysis, that the vowel sound could be produced synthetically, 
but this I doubt unless special means were provided to secure 
also the definite phase relations indicated by the analysis. 


Furthermore, it appears probable 
that the 720-cycle vibrations are not 
always regularly continued from one 
intensity cycle to the next, so that 
the harmonic series of tuning forks 
could not be made to match the voice 
vibrations in this respect. The situa¬ 
tion is analogous to the damped wave 
trains of spark telegraphy. The spark 
frequency may be 120 cycles per 
second (there being, however, no 
radiation of wave-length correspond¬ 
ing to this frequency), though the 
tone which is heard is of the spark 
frequency and the actual vibration 
frequency is not sensed. Other vowel 
sounds may be similarly though iiot 
so simply described. If the essence 
of the vowels is an intensity cycle 



Time Scale 


recurring with a rapidity which we 
distinguish as the pitch of the note, it 
is evident that we have something 


Fig. 3a—Comparison of 
Oscillograms of Vowel 
‘‘A” AT Three Different 


here quite distinct from the harmonic Pitches 
theory or the absolute pitch theory. 

I have regarded the curve of intensity ” as determined prim 
cioallv bv the form of opening, and character of vibration at the 
vocal cords. Thus, in the case of the vowel A discussed, the 
opening is rather sudden and the closing gradual, which regulates 
the admission of air in such a manner as to cause the production 
of 720-cycle vibrations from throat, mouth or nasal cavities. 
In other words, the vocal cords are not the seat of the sound 
vibration but a throttle valve in a supply pipe. In this explana¬ 
tion, I differ from what Mr. Flowers offers where he speaks of the 
mouth and the behavior of the mouth muscles as producing his 
patterns in the case of a sustained vowel. ^ 

The best evidence which I have for my opinion rests on strobo¬ 
scopic observations of my own vocal cords, pitching the voice to 
the period of intermittent illumination of the rotating strobo- 
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scope. Referring still to the vowel A , the vocal cords were seen 
to be vibrating at 120 cycles per second (the intensity frequency) 
instead of 720 cycles (the principal sound vibration frequency as 
disclosed by the oscillograph.) 

The stability of the 720 cycles for my own voice on the vowel 
A might appear to lend support to the fixed pitch theory. How¬ 
ever, at the same time and with the same apparatus with which 
these records were made, my wife’s voice showed a characteristic 
960 cycles for the same vowel. For this, vowel Helmholtz assigns 
1096 cycles. Also my records for the vowel i (as in pique, and 
more familiar in English as ee) Fig. 4, show pronounced vibrations 
at around 2000 cycles which is in fair agreement with the 2500 
figure given by Mr. Flowers in his ee sounds. For this vowel 
Helmholtz gives 2322. 

I do not see the justification for taking these records with 
whispered rather than with voiced sounds. While no special 
training seems to be required for whispering or for understand¬ 
ing the whispered word, perhaps too much is taken for granted 
in relying on such records as basis of design and construction of 
machines to operate with voiced words. The essential distinguish¬ 
ing physical features may not be the same. I made some obser¬ 
vations with whispers but felt that the hissing and breath sounds 
were confusing and tending to conceal the essential data sought. 

I see no reason why study and training may not enable one to 
read the spoken word from some form of photographic or other 
sound record, but such a record would have to be many times 
longer than a line of type corresponding to the same words. 
I have given some consideration to a visual device whereby a 
trained deaf person might see the word spoken by another, but 
fear such a reading is almost impossible of attainment, judged 
by the speed at which a printed page can be read. Similar 
time and space objections would appear to hold in a voice- 
operated machine of the type outlined by Mr. Flowers. If the 
paper cylinder rotates fast enough to make the consonants easily 
distinguished, the vowels and pauses will use up yards and yards 
for even moderate length sentences. Is there any marked saving 
in space, and why should his special form of record produced by 
resonant circuits, controlling mirrors and selenium cell, be as 
accurate or any more easily deciphered than a continuous record 
such as would be given by combination of telephone and oscil¬ 
lograph? 

The problem is a fascinating one and Mr. Flowers is not the 
first to design devices nor to attempt the construction of ap¬ 
paratus. The earliest definite attempt in this line which has 
come to my notice, is that of Barlow about 1874. He called his 
device the “logograph” and arranged an India rubber diaphragm 
about 2| inches in diameter to draw a line on a moving strip 
of paper. Deflections of about ^ inch were obtained as the 
apparatus was arranged. See Journal of the Society of Tele¬ 
graph Engineers (England, vol. VII, 1878, page 65). 
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John B. Flowers: Many interesting and valuable suggestions 
have been added to my paper on The True Nature of Speech/’ 
and I have considered them all with deep interest. To answer 
them fully and with the hope that the reply would be conclusive 
and definite, is not possible until after the completion of the 
voice-operated phonographic alphabet writing machine. With 
a set of pattern pictures of the speech sounds as produced by 
this machine, it will be possible to definitely establish such 
important points as were brought up by Dr. Williams and Mr. 
Chubb, that certain of the vowel sounds may be pattern pic¬ 
tures or low-frednency beats produced by combining resonance 
tones of nearly the same pitch. I note with satisfaction that 
the main idea of the paper is pretty generally accepted, viz., 
that the speech sounds are each represented by a special pat¬ 
tern or form picture as shown in the table called the phonographic 
alphabet. How absolutely necessary it is that a form picture 
of the sound wave should be the means of distinguishing the 
different alphabet sounds one from another, is well put by Mr. 
Taylor, when he explains that, if a definite fixed pitch stood for 
an alphabet sound we should often hear the speech sounds when 


listening to an orchestra. 

In reply to Mr. Taylor’s interesting statement regarding the 
formation of the vowel sounds as being determined by the form 
of opening, and character of vibration of the vocal chords, I 
have personally learned by stroboscopic observation of the vocal 
chords of several persons by the assistance of a throat specialist, 
that the vocal chords are absolutely quiet during the whispered 
vowel A (as in far), the same vowel tried by IN/Ir. Taylor. This 
then proves that the formation of the vowel A sound is not deter¬ 
mined, by the vocal chords but is due to either the natural coming 
together of certain resonance tones of the throat, mouth, and 
nasal cavities, thus forming low-frequency patterns or 
or is an intensity variation controlled by the muscles oi me 
lungs, throat and mouth, utilizing a muscle tremor. In this 
connection, it is important to note that the muscles ot the 
human diaphragm and. lungs are mainly controlled by the phremc 
nerve and are operated by nerve impulses varying betweemdU 
and 100 cycles per second. The inference can be drawn that 
when the air is expelled from the lungs by the diaphragm muscle 
in forming a vowel sound, it comes out in intensity pulses ot a 
definite shape and period corresponding to that of the ner^e 
impulse. I am quite sure that this is the explanation ^^r the 
intensity variation of such a simple sine wave curve as that of 

the alphabet sound 0, curve No. 17. ^ the 

In answer to the query why the special reccmd obtained by th 

voice-operated machine of my design would be more 

and mire easily deciphered than a combination of telegione 

and oscillograph, I submit the 

that the word boat is spoken md it is to be 

phonographic alphabet. This is the phonetic word bot. The 
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time required for utterance is (for ordinary speech) approximately 
b in 1/50 second, o in 1/4 second, and t in l/25th second. Let 
the cylinder of paper for the record rotate at a speed of 3 inches 
per second; then the pattern b is l/16th of an inch long, o is 
12/16ths of an inch long, and t is 2/16ths of an inch long. The 
resulting record occupying a space 15/16th inches long in con¬ 
trast to that of the typed distance of 9/32 inches. Therefore, 
the record of the voice-operated machine will be 3 1/3 times the 
length of the corresponding letters if typed. It is evident that 
the combination of telephone and oscillograph only writes down 
the compound speech curve without analyzing it into its elements 
and the resulting record has been found so complex owing to the 
compounding of different tones and their variations in intensity, 
that it is practically impossible to decipher it. But the voice- 
operated machine would have the power of writing down in the 
form of the phonographic alphabet the variations in intensity 
of any of the speech-tones which operate the resonating elements 
of the machine after analyzing the compound speech curve into 
the tones of which it is composed. 
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xA-bstract of Paper 

This paper gives a careful compilation of figures showing 
the total fixed installed primary power in the United States and 
similar figures for total installed water power, at the same time 
calling attention to the unreliability of statistics in general. 
With these figures, those compiled by the Commissioner ot Cor¬ 
porations are summarized and compared. _ 

The geographic distribution of installed water power is consid¬ 
ered and many interesting facts revealed when these figures are 
examined from the viewpoint of population distribution. A 
study of the development of water power between 1889 arid 19UJ 
shows some interesting differences as compared with distribution 
of manufacturing powder and total developed water power. 

The author next takes up the question of the possibilities oi 
water power development and points out the fallacy of power 
development waiting upon demand instead of creating it. r ne 
immense field for hydroelectric power which a development ot the 
electro-chemical and electro-metallurgical industries would 
create with the success of such industries abroad is cited and an 
appeal made for a Federal policy of encouraging business enter¬ 
prise instead of obstructing it. 


I N PRESENTING this paper before an organization of elec¬ 
trical engineers, I wish to say by way of preface that it is 
not electrical, nor yet engineering. It is, if anything, economic, 
in some degree comparative, and slightly statistical. Having in 
mind Disraeli’s classification of untruths as “lies, damned lies, 
and statistics,” you may know what to expect. 

In order to get ourselves properly oriented, as the surveyors 
say, it is well to take a bird’s-eye view of the entire power field. 
The total fixed installed primary power in the United States, as 
given by the Census Bureau, is as follows: 


The unit is the horse power. 

Commercial and municipal central electric stations, 

1912. 

Street and electric railways, 1912.... 

Steam road electrification, 1912._ 

Total electric installations... 

Manufacturing, 1909. 

Mines and quarries, 1909.-. 

' Total fixed installed primary power. 


7,528,648 

3,665,051 

193,956 

11,387,655 

16,802,706 

4,402,554 

32,592,915 
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The Census Bureau has a disconcerting practise of collecting 
some of its data as of-the years ending with two and seven, while 
other information is gathered for the years ending with four and 
nine. Our figures are, therefore, out of phase, the electric power 
data leading by 216 degrees, and we are not strictly within our 
rights in making these numerical additions, but the results will 
serve our purposes for general comparisons. 

The figures here given for manufacturing and for mines and 
quarries are exclusive of nearly two million horse power classed 
as rented power, which is included under the central electric 
stations. No account is taken of the power installed in isolated 
plants, such as hotels, large mercantile establishments, office 
buildings and the like. The aggregate of these must be very 
large, but they have not been included in census returns, and no 
list of them is believed to exist. 

In addition to the fixed power, consideration must be given 
to the power generated by steam locomotives. There are in the 
United States about 65,000 locomotives in service. It would be 
absolutely meaningless to add their rated horse power, even if it 
* were obtainable. Doubtless it exceeds the total fixed power of the 
country. We can, however, by an indirect method, approximate 
its equivalent in fixed power. In the year ending June 30, 1914, 
the railroads of the country expended, in round numbers, 
$242,000,000 for locomotive fuel. .A small portion of this fuel 
was oil, but far the larger part was soft coal. If the average price 
of this coal be assumed at $2.00 per ton, the locomotives burned 
121,000,000 tons (1 long ton = 1.01 metric ton) of coal during 
the year. Allowing 26 tons per h.p-year (about six pounds 
(2.7 kg.) per h.p-hr.), the equivalent continuous output is 
4,692,000 h.p., or, with a 60 per cent load factor, 7,820,000 h.p. 
If all the railroads in the country were electrified, the necessary 
installed power for their operation would probably not be far 
from this latter figure, although, of course, the total coal con¬ 
sumption would not exceed one-third that used under the present 
system. The fixed installation, in these circumstances, would 
then be about 120 h.p. per locomotive in service. 

The data are not available with which to estimate the power 
used in navigation, and the inquiry would not be pertinent in 
this connection, even if we could make the estimate. 

We have, then, at the present time in the United States the 
equivalent of at least forty million horse power in fixed installa- 
tions, without counting the isolated plants already mentioned, 
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which must total a very large amount, though we have no basis 
for an intelligent guess. 

How much of this is water power? From the census reports 
again, we have the following: 


Commercial and municipal central electric sta 

.2,471,081 h.p. 

tions, 1912. u 


Street and electric railways, 1912. 

Steam road electrification, 1912. 


11 


Total hydroelectric installations 

Manufacturing, 1909. 

Mines and quarries, 1909. 


2,950,388 “ 
1,822,888 “ 
97,460 “ 


Total installed water power 


4,870,736 


The installed water power is, therefore, 14.94 per cent of the 
total fixed primary power, or about 12 per cent of all power, 

including locomotives. _ 

In 1908 the Census Bureau reported to the National Conser¬ 
vation Commission that the developed water power of the coun¬ 
try aggregated 5,356,680 h.p., of which 3,396,103 h.p. represented 
developments not less than 1000 h.p., and 1,960,577 h.p. were 
smaller developments. These figures, however, were not limited 
to actual installations, but included many power sites only 
partially developed, or, to quote exactly, “undeveloped power 
sites upon which some expenditure had been made.” 

In a report to the Secretary of Commerce and Labor, dated 
March 14 1912, the Commissioner of Corporations stated the 
developed’ water power in plants of 1000 h.p. or more,_ to be 
4,016,127 h.p. of which 2,961,549 was classed as commercial and 
1,054,578 as manufacturing. These figures are of date June, 
1911. The difference of nearly 800,000 h.p. between this estimate 
of manufacturing power and the census figures of 1909 is probably 
to be accounted for by small manufacturing plants. To the 
figures above given, the Commissioner adds 2,000,000 for plants 
of less than 1000 h.p., making “a grand total, in round numbers, 
of at least 6,000,000 h.p. as the total water power of the United 
States, developed and under construction in June, 1911.” 

A still further addition of 2,638,528 h.p. is made by the Com¬ 
missioner to cover “the undeveloped power owned or controlled 
by the concerns reporting developed power.” This report of the 
Commissioner of Corporations may be summarized as follows: 
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Concerns having 1000 h.p. or more: 

Commercial..2,961,549 h.p. 

Manufacturing..1,054,578 “ 

Undeveloped...2,638,528 “ 

Total..6,654,655 “ 

Plants of less than 1000 h.p., about.2,000,000 “ 


Grand Total..8,654,655 " 

This appears to be the only basis for the inaccurate statement 
made by Mr. George Otis Smith, Director United States Geologi¬ 
cal Survey, in an address delivered before the Second Pan- 
American Scientific Congress, on December 28, 1915, that “the 
present installation of water-power plants in the United States 
is estimated at 8,500,000 h.p.” There is an obvious difference 
between an installed plant and the mere ownership or control of 
a site. I know of several power sites whose owners are looking 
anxiously for someone to help them let go of the bear’s tail. 
No doubt it was such misuse of data that prompted Disraeli to 
place statistics in the next place beyond the damned lie. 

Taking into account the fixed power equivalent of steam 
locomotives, and the certainly large, though unknown, amount 
of power in isolated plants, it is probably safe to say that the 
actual water power installations of the United States aggregate 
not far from 10 per cent of the total installed primary power. 

The next point of interest is the geographic distribution of 
the installed water power. This is shown in the following table: 


GEOGRAPHIC DISTRIBUTION OF WATER POWER 


New England.. 

Middle Atlantic..., 
East North Central. 
West North Central 

South Atlantic. 

East South Central. 
West South Central 

Mountain. 

Pacific. 


Manufactur¬ 
ing, 1909 

Central elec¬ 
tric stations, 
1912 

Electric rail¬ 
ways 1912 

Total 

% 

■ % 

% 

% 

41.5 ' 

7.4 

7.4 

20.9 

25.7 

26.8 

4,1 

24.0 

11.4 

10.0 

8.9 

10.8 

4.8 

4.1 

4.7 

4.3 

10.1 

14.1 

13.6 

12.4 

1.6 

1.5 

0 

1.3 

0.2 

0.2 

0 

0.2 

1.2 

12.9 

4.5 

7.4 

3.5 

23.0 

56.8 

18.7 

100.0 

100.0 

100.0 

100.0 


The distribution of the power used in mining and quarrying 

could not be learned, but the total quantity so consumed is 

small, and, whatever its distribution, can not sensibly affect 
these figures. 
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An examination of this table reveals several interesting facts. 
One-half the population of the United States is east of the wes¬ 
tern boundary of Ohio; sixty per cent of the developed water 
power is east of that meridian. One-half the population is north 
of the parallel of Denver; seventy-five per cent of the developed 
water power is north of the same line. 

The Atlantic coast states, from Maine to Florida, contain 57 
per cent of the developed water power and 41.3 per cent of the 
population. The states west of the eastern boundaries of New 
Mexico, Colorado, Wyoming, and Montana contain 26 per cent 
of the developed water power and 7.5 percent of the population. 
The great Mississippi valley region, from Canada to the Gulf 
of Mexico and from Pennsylvania to Colorado, contains rather 
less than 17 per cent of the developed water power, with 51.2 per 
cent of the population. The three Pacific coast states alone con¬ 
tain 18.7 per cent of the developed water power, but only 4.6 
•per cent of the population. 

As we shall see later, all this has a bearing on the alarmist 
talk about water power monopoly with which we are regaled 
from time to time by Young-man-afraid-of-his-job or some other 
member of a Federal bureau, the sole purpose of whose existence 
is to seek out the unfortunate private citizen who has more than 
three dollars, and regulate him. With these gentry it is a case 
of '‘Johnny, go out and see what Willie is doing, and tell him 

to stop it.” 

The general character of the evolution in the development and 
use of water power is familiar to all. The first water wheels 
were installed to drive grist mills, saw mills and other plants 
whose activities were directly connected with the every-day 
necessities of the people. Naturally these were in the New Eng¬ 
land states. As the population increased and its requirements 
became less primitive, the power sites were further developed and 
applied to paper manufacture, the textile industries and the like. 
Even today 41.5 per cent of the water power devoted to manu¬ 
facturing, as distinguished from that generated in central sta¬ 
tions and sold for general commercial purposes, is located in New 
England, and 67.2 per cent is in New England, New York, New 
Jersey and Pennsylvania. Nearly all the remainder is in the 
South Atlantic states and in the states north of the Ohio and east 
of the Mississippi river. 

The water power thus directly applied to manufacturing in¬ 
dustries has not increased very rapidly for the past twenty years, 
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and the growth is likely to be even less important in the future. 
In 1889 the water power so applied aggregated 1,255,045 h.p.; in 
1899—1,454,112 h.p.; in 1909—1,822,888 h.p. The increase 
was thus 15.9 per cent from 1889 to 1899, 25.4 per cent from 
1899 to 1909, and 45.2 per cent from 1889 to 1909. For the 
same periods the total power used in manufacturing increased 
from 5,938,635 h.p. in 1889 to 10,097,893 in 1899, or 70 per cent 
and to 18,675,376 h •p. in 1909, an increase of 85 per cent since 
1899, and of 214 per cent since 1889. 

The North Atlantic states became important manufacturing 
centers because of readily accessible and easily developed water 
powers. Large populations grew up around them and these 
people in turn constituted a market for the manufactured prod¬ 
ucts. Thus, this region had three of the four requisites for a 
successful manufacturing country, viz: cheap power, ample labor, 
and a near-by market. These advantages it still has to a con¬ 
siderable extent, though the first it is rapidly losing. 

In the early nineties, hydroelectric development began in 
earnest. The first Niagara plant (55,000 h.p.) abotit *1894, was 
the first important installation of this character. In 1902 the 
Q'ggi’egate of the hydroelectric developments of the United States 
was 438,472 h.p. in central station installations, and 49,153 h.p. 
in electric railway plants, a total of 487,625 h.p. In 1907 these 
had increased to 1,349,087 h.p. in central stations, and 91,961 h.p. 
in electric railway plants, a total of 1,441,048 h.p. or nearly as 
much as the total installed water power for manufacturing pur¬ 
poses. In 1912 the central station installations had become 
2,471,081 h.p. and the electric railway plants 471,307,' h.p. a 
total of 2,942,388 h.p., or 61 per cent more than all the installed 
manufacturing water power. The increase in hydroelectric in¬ 
stallations was 195.5 per cent from 1902 to 1907, 104.2 per cent 
from 1907 to 1912, and 502 per. cent from 1902 to 1912. The 
proportionate increase in ten years, ending 1912, was more than 
eleven times the proportionate increase in manufacturing water 
power in twenty years ending 1909. 

A study of the distribution of the development shows some in¬ 
teresting differences as compared with the distribution of manu¬ 
facturing power and of total developed water power. 

New England has only about 8 per cent of the hydroelectric 
as against more than 40 per cent of the manufacturing power. 
The North Atlantic states, including New England, have about 
30 per cent of the hydroelectric and nearly 70 per cent of the 
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manufacturing power. The eastern half of the population has 
only 45 per cent of the hydroelectric with 60 per cent of the total 
developed water power. The northern half of the population has 
about 70 per cent of the hydroelectric development. 

The Atlantic coast states have 45 per cent of the hydroelectric 
development, and a little more than 41 per cent of the popula¬ 
tion. The states between Pennsylvania and Colorado have more 
than one-half the population, but only 16 per cent of the hydro¬ 
electric power. The states from Colorado west have only 7.5 
per cent of the population, but 39 per cent of the hydroelectric 

development. _ ^ -rv ir 

These apparent anomalies are not difficult to explain. Falling 

water is a source of power, but we must have fall as well as water. 

In the Appalachian region there is ample water and moderate 

fall. In the Mississippi valley the fall is slight and difficult to 

utilize, except in rare instances. From the Rocky mountains to 

the Pacific we have plenty of fall, but are frequently short of 

water. In the immediate vicinity of the Sierra Nevadas there is 

an abundance of water and many falls which can be utilized at 

moderate cost. 

The Pacific coast states, without coal, and until the develop¬ 
ment of the southern California oil fields, without fuel of any 
kind, were quick to grasp their opportunites. What was done 
in other parts of the country by means of fuel, they hastened to 
do with the 'Vhite coal”. Thus, we see that the proportion of 
the total central station power, which is generated by water, is 
much greater in the far west than elsewhere. This appears from 

the following table: 


Percentage of Total Central Station Power 
Generated by Water 

New England..... 

Middle Atlantic. 

East North Central. 

West North Central. 

South Atlantic.... 

East South Central.. 

West South Central. 

Mountain... 

Pacific... . • • 


21.1 

22.2 

12.2 

14.3 

40.4 
10.6 

2.5 

64.8 

58.6 


N 


The three Pacific coast states, with 4.6 per cent of the popula¬ 
tion, have 12.3 per cent of all the central station power in the 
United States. Of this, nearly 60 per cent or 7.2 per cent of all 
central station power in the country is hydroelectric. 
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. Now, what are the possibilities.? In Water Supply Paper 234, 
United States Geological Survey, Mr. M. 0. Leighton gives some 
estimates of the potential water power of the United States. 
Although his paper is entitled “Undeveloped Water Powers,” his 
estimates appear to cover the total water power possibilities, 
without regard to what portions have already been developed. 
The paper was published in 1909, and the estimates probably 
correspond to the data at hand in 1908. The state of Pennsyl¬ 
vania is expressly excluded as information was not available to 
permit an estimate for that state. Two estimates were made— 
one, regarded as the absolute minimum, based on the stream 
discharge “for the lowest two consecutive seven-day periods in 
each year;” the other, described as “assumed maximum,” being 
the quantity which could be generated during six months in the 
year. Neither estimate takes any account of storage. 

The first is stated as 36,916,250 h.p., and the second as 66,518,- 
500 h.p. Mr. Leighton estimates further that, by the use of all 
practicable storage sites, the grand total of possible water power 
development in the United States will be at least 200,000,000 h.p. 

These estimates include a minimum of 5,800,000 h.p. and 
“assumed maximum” of 6,500,000 h.p. for the Niagara river. 
Under present treaty provisions, not more than 25 per cent of the 
possible power at Niagara falls can be developed, and of this the 
United States is entitled to only about 36 per cent. 

In 1912 the Commissioner of Corporations revised Mr. Leigh¬ 
ton s estimates by making the above correction for the Niagara 
river, adding 331,000 h.p. for Pennsylvania, and 117,750 h.p. for 
some other changes, and cutting one-sixth off the whole thing for 
good measure, arriving finally at the following figures: 


Assumed 

maximum 

h.p. 

4,092,000 

4,256.000 

3,568,000 

2,785,000 

36,707,000 


51,398,000 

The Commissioner refused to consider the possibility of greater 
development by storage. He says: “Any estimate including 
storage, therefore, must be mainly theoretical.” Just what he 
means is not clear, but his purpose in omitting an important 
element in power development is obvious. 



Minimum 

North Atlantic. 

h.p. 

. 2,225,000 

South Atlantic. 

. 2,344,000 

North Central. 

•-- 1,733,000 

South Central..... 

•. 1,438,000 

1 s QQA nnn 

Western.. 

United States. . . 

. 26,736,000 
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The above figures are not particularly reliable. They are 
largely speculative, and are based on very meagre data and grossly 
inadequate surveys. Moreover, the motive underlying the es¬ 
timates of the Commissioner of Corporations was not honest. 
However, we may accept them, tentatively, and see to what con¬ 
clusions they will lead us. 

The following table gives the installed water powers side by 
side with the minimum potential power as estimated by the Com¬ 
missioner of Corporations: 

Minimum poten- Installed 



tial power 

power 

North Atlantic. 

South Atlantic. 

North Central. 

South Central. 

Western. 

2,225,000 h.p. 
2,344,000 “ 
1,733,000 “ 
1,438,000 “ 

. .. 18,996,000 “ 

2,134,000 h.p. 
589,000 “ 
729.000 “ 
79,000 “ 
1,229,000 “ 

United States. 

. .. 26,736,000 “ 

4,760,000 “ 


It appears from this table that the North Atlantic states have 
practically exhausted all their available water power, notwith¬ 
standing the Niagara developments aggregate only about 270,000 
h.p. on the American side, instead of the 518,000 h.p. included 
in the Commissioner’s estimate. The South Atlantic states still 
have a possible 2,000,000 h.p., and the Central states about 
2,000,000 h.p. more, but nearly all the water power possibilities 
of the future are west of the eastern boundary of Colorado, where 
there yet remains, even by the minimum estimate, and with no 
allowance for storage, nearly 18,000,000 h.p. undeveloped. On 
the basis of the “assumed maximum,” the undeveloped possible 
water power in the western states exceeds 35,000,000 h.p. 
What this would be if storage possibilities were considered, I do 

not know. 

The three Pacific coast states alone contain about 45 per cent 
of the potential water power of the country. Their aggregate 
present development is about 880,000 h.p., leaving possibilities 
from a minimum of 10,524,000 h.p. to an “assumed maximum 
of 22,298,000 h.p. without considering storage. 

The “assumed maximum” of potential water power, as esti¬ 
mated by the Commissioner of Corporations, is rather in excess 
of the present total installed primary power of the United States, 
including the equivalent of the steam locomotives now in service. 
This, however, is not to say that if all of this water power were 
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now installed, the steam plants would cease to operate. Seventy 
per cent of the possible water power is in the western one-third of 
the country, with 7 per cent of the people. No matter what the 
population may become numerically, it is probable that fully one- 
half will always, as now, live in the great Mississippi basin, for 
this is the region best adapted to the production of the staples of 
agriculture and animal husbandry. We are not justified in an¬ 
ticipating such improvement in the art of transmission as will 
permit the use along the Missouri river of power generated in the 
Mountain and Pacific states. I do not know the longest trans¬ 
mission line now in operation—someone is always going his prede¬ 
cessors one better—but probably the 238-mile (383.02-km.) line 
of the Southern Sierras Company is the limit of present practise. 
Let us suppose that power might be transmitted 500 miles 
(804.6 km.) with a reasonable loss. A belt 500 miles wide with 
the summit of the Sierra Nevadas as its western limit would have 
as its eastern boundary a line passing near Great Falls, Montana, 
Pocatello, Idaho, across the western edge of Great Salt Lake,’ 
crossing about the middle of the southern boundary of Utah, and 
near Gallup and Silver City, New Mexico. Clearly, no conceiv¬ 
able development in that belt of country would ever call for the 
use of 10,000,000 to 22,000,000 h.p. How would you like to be 
the grinding monopoly to own all these power sites and pay taxes 
on them until such time as you might develop them with a reason¬ 
able chance to earn more than their fixed charges and cost of 
operation? This is the “bogie man” with which our conservation 
friends are trying to frighten us. 

What is to become of all this power if it shall ever be developed ? 
The present fixed installed primary power of the.United States, 
including steam locomotives, is between four-tenths and five- 
tenths of a horse power per capita. On this basis the minimum 
potential water power in the Pacific coast states alone would pro¬ 
vide for a population of twenty to twenty-five million people 
west of Great Salt Lake. What would they do? They would 
be much in the position of the Irish woman and the Chinaman 
who vrere ship-wrecked on a desert island—they made money 
doing each other’s washing. 

Every important hydroelectric enterprise from the first Ni¬ 
agara installation to the Keokuk plant, has been financed on the 
basis of an existing market for at least a part of the output. No 
responsible banking house will listen to a power scheme which 
can not show a market in sight sufficient to pay fixed charges. 
The Niagara Falls Power Company was financed on the power con- 
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sumption in Buffalo and other nearby cities. The Standard 
Electric and the Bay Counties Power Company, as well as other 
properties now belonging to the Pacific Gas and Electric Corpor¬ 
ation, had their markets in sight around San Francisco bay. 
Snoqualmie Falls had Seattle, Tacoma and the entire Puget Sound 
district. The McCall Ferry plant is only seventy miles (120.7 km.) 
from Philadelphia, and the Mississippi River Power Company 
had a 60,000 h.p. contract with St. Louis before work was begun 
at Keokuk. 

So it has been with all of them, but it can not continue to be if 
anything like the enormous quantities of power above mentioned 
are to be developed within limited areas. We must go back to 
something like the methods of early New England days. We 
must choose those industries in which power is the all-important 
element, locate them within transmission distance of the power 
sites, and then finance the industries by virtue of their own 
strength, regarding the power merely as an adjunct. This is in 
strong contrast with the method of buildipg a power plant and 
then waiting for someone else to build the factories and buy the 
power. 

Up to this time our power development has always followed a 
demand instead of seeking to create it. This has not been so 
generally true elsewhere, nor have we followed the same method 
in other activities. The Union Pacific railroad would be non¬ 
existent today if its promoters had waited for the Indians to 
petition Washington for improved transportation facilities. The 
coal range would still be in universal use if the gas range had not 
been put on the market until the housewives clamored for it. 

In the United States most of our power has been used to-meet 
the every-day demands for light, heat, transportation and the 
operation of such industries as are incidental to city life. Out¬ 
side of Niagara Falls, we have not developed any electro-chemical 
or electro-metallurgical industries worthy the name. Abroad it 
has been quite different. The Norwegian Nitrogen Company, 
for example, located its plants near the power sites, developed 
power, not as an end in itself, but as an adjunct only, and built 
up an enormous industry where before there had been nothing. 
In 1913 it had in operation 260,000 h.p. used solely for the fixa¬ 
tion of atmospheric nitrogen, and had planned the development 
of 280,000 additional h.p. The furnace and process by which 

this is done were not invented until 1903. 

In 1910 there were in the French Alps operating water-power 
plants aggregating 475,000 h.p., 80,000 h.p. more under construe- 
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tion, and 700,000 h.p. projected. Of the power produced at that 
time, 210,000 h.p. was consumed in electro-metallurgical work 
and 60,000 h.p. in electro-chemical industries. These made up 
57 per cent of the total. Of the remainder, 30,000 h.p. was used 
in the paper and wood industries, and 165,000 h.p. for commercial 
power, light and traction. The distribution of this power among 
the industries is significant. 

It has often been said that fixation of atmospheric nitrogen is 
not practicable in the United States because of the high cost of 
power. Let us look into this briefly. Nitrate of soda costs 
$70.00 per ton (1 long ■ton= 1.01 metric ton) in New York. 
This is equivalent to $95.00 per ton for pure nitric acid. The 
operations in Norway and elsewhere produce about 500 kg. 
(1,102.3 lb.) of nitric acid per kw-yr., or 1.82 kw-yr. per ton of 
acid. 

The Mississippi River Power Company supplies power to St. 
Louis at $24.00 per kw-yr. at 60 per cent load factor. At this 
rate the power necessary to produce one ton of nitric acid would 
cost about $44.00. The margin between this and a selling price 
of $95.00 is sufficient to warrant a very careful inquiry before ac¬ 
cepting the statement that “it can not be done.” 

The greater part of the hydroelectric power in the French Alps 
devoted to electro-metallurgical work, is used for the manufacture 
of special alloys, such as ferro-tungsten, ferro-molybdenum, ferro- 
titanium, etc. The Paul Girod works alone produce more than 
two million dollars worth of these alloys annually. The western 
part of the United States is as well supplied with the raw mater¬ 
ials for such manufacture as any part of the world. 

In northern California the production of pig iron in the elec¬ 
tric furnace was inaugurated about six years ago. This exper¬ 
iment has been attended with considerable technical successs 
though with what commercial results I am not advised. Doubt¬ 
less that and similar enterprises elsewhere will ultimately succeed. 
When they shall do so, their demand for power will be very large. 

Such and many other industrial undertakings will grow up in 
the western part of the United States when a Federal policy of 
encouraging business enterprise and initiative shall take the place 
of the present obstructive tactics whose justification is attempted 
on the ground that someone may corner 22,000,000 h.p. in water 
falls, and that the world would then freeze to death in about 
five thousand years. When that freezing takes place, certain 
federal bureaus and officials will not be suffering from the cold. 


~rrx 



Presented at the meeting of the Schenectady Sec¬ 
tion of the American Institute of Electrical Engi- 
gineers, Schenectady, N. Y., March 7, jqi6. 

Copyriglit 1916. By A. I. E. E, 


IRON LOSSES IN DIRECT-CURRENT MACHINES 


BY B. G. LAMME 


Abstract of Paper 

The term ifon loss, as used in connection with, rotating machim 
ery is shown to cover a large number of losses, some of which 
actually do not lie in the iron itself. The term core should 
be used except when the losses are actually located m the iron 
itself. It is shown that no great accuracy is practicable in the 
calculation of the actual iron losses, except in special m- 
stances, due to the fact that the ordinary treatment of materials 
in manufacture is such that large discrepancies are almost sure 
to occur, in certain types of apparatus. A brief explanation ot 
several causes of variation in losses is given. _ 

In the treatment of core losses in direct-current machines, the 
four principal sources of losses are considered, narnely armature 
ring loss, armature tooth loss, eddy currents in buried conductors, 
and pole face losses. Under eddy current losses is given an ex¬ 
planation of certain losses not usually taken into account, and 
a crude method of calculation is given, with some tabulated re- 

Under pole face losses an empirical formula is given, also some 

tabulated results. . . , ^ 1 ^ 4 a 

The effect of load on losses is discussed, but no calculated 

results are given. Some of the effects of flux distortion on the 

losses are shown. _ . ■u-t 4 . 

A principal object of the paper is to show the impracticability 

of calculating all the core losses with any great accuracy at no- 
load, and the still greater difficulty in predetermining them with 

load. 


I RON LOSS is a general term to cover a number of losses,, 
of various kinds, which, by the nature of the tests, 
are included in one set of measurements and which, in reality 
should be known as core loss. The term has been used so 
promiscuously, without indicating what it really includes, that 
many have come to believe that it means the true iron loss and 
nothing else. In fact, however, the true iron loss, in many 
cases, may be only a moderate percentage of the core loss. 
Usually no distinction has been made between losses simply 
located in the iron, and those due to the magnetic conditions 
in the material itself. The readily practicable methods of 
measuring the core losses show only their sum and there is 
no true indication of the relative values of the various com- 
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ponents. To separate the total core loss into its various com¬ 
ponents, except by complicated and expensive laboratory meth¬ 
ods, appears to be almost impossible. However, it is possible 
to indicate the various components and their probable causes, 
and in some cases they can be segregated very crudely by 
calculation. 

In most rotating machinery the calculation of the individual 
elements, which make up the total core loss, is necessarily only 
approximate, in commercial apparatus. This is due partly 
to the fact that there are many possibilities of variation in loss 
on account of conditions of manufacture and materials, as 
will be described later. This is evidenced by the fact that 
two machines, built at different times from the same draw¬ 
ings and the same tested grade of materials, will ofttimes show 
materially different core losses. If two such machines vary 
twenty per cent from each other in core loss, it is obviously 
impracticable to expect any refinement in calculation closer 
than twenty per cent. Even if we always could come within 
twenty per cent by direct calculation and could place any 
great reliance upon the results, it would be a great step ahead, 
in certain types of apparatus. In the discussion of the various 
losses and their causes, given throughout the following paper, 
it will be shown why it is impracticable to calculate, with any 
exactness, certain of these losses. 

In separating the total core loss into its components, two 
principal classifications of losses may be made. One of these 
is eddy current loss, either in the iron laminations themselves 
or in other conducting parts wherein e.m.fs. are generated 
during rotation. Such e.m.fs. will set up local currents where 
closed paths are possible, and if such paths are in the lamina¬ 
tions themselves, instead of in neighboring solid parts, it is 
simply incidental. Eddy current loss in the laminations is, 
therefore, not a special kind of loss, and it should rightly be 
classed with other eddy losses in the machine. 

The second class of losses includes those due to changes 
in the magnetic conditions in the iron itself; these are known 
as hysteresis losses. These latter are dependent upon the 
material itself and not its structure. Lamination is primarily 
for increasing the I'esistance in the eddy current paths and not 
for the purpose of affecting the hysteresis. In fact, lamina¬ 
tion may increase the hysteretic losses, for a given volume of 
material. 
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The principal object of this paper is to show causes for some 
of the principal Ipsses. These are usually related to two sets 
of frequencies, namely, the normal frequency (revolutions per 
second times number of pairs of poles), and some very high 
frequency, dependent upon the number of slots, commutator 
bars, etc. The hysteretic losses are undoubtedly affected by 
these higher frequencies but apparently not to the same extent 
as the eddy losses. These high-frequency losses are liable to 
be present in most classes of rotating machines, while in some 
instances they may overshadow all other losses. Certain of 
them are characteristic of certain types of machines only, while 
others are liable to be present in any type of rotating machine. 

In most classes of rotating machines, only the no-load core 
losses can be measured with any accuracy by ordinarily con¬ 
venient methods of measurement. However, if the various 
components of the no-load loss can be approximately deter¬ 
mined, then it is possible to indicate in what way these same 
components will be affected by load. A quantitative deter- 
■mination of the component losses with load is, however, very 
difficult to determine except in a very few classes of machines. 

In direct-current machines the principal no-load armature 
core losses are the hysteresis loss in the iron, eddy losses in 
the iron and copper, and eddy losses in other adjacent conduct¬ 
ing parts, which may be seats of e.m.fs. The relative values 
of these losses are dependent upon many conditions. In a 
thoroughly well designed machine the eddy losses in the 
copper and any other parts than the iron should be relatively 
small compared with the iron loss proper. Again, the pro¬ 
portion of hysteresis to eddy loss in the iron itself depends 
upon many conditions, such as the various frequencies in the 
machine, the grade of material, the degree of lamination, the 
perfection of the insulation of the laminae from each other, 
the distortion of the material in handling and building, the 
conditions of punching, treatment during assembly, grinding, 
filing, etc. Here, at once, so many variables appear that one 
cannot reasonably expect any great accuracy in any prede¬ 
termination of eddy loss in the iron itself. Hysteresis loss is 
also affected by some of these conditions. 

It is a fact well known to designers that the iron loss tables 
used by transformer engineers do not directly apply to ro¬ 
tating machinery, but that an increase, in some cases, of one 
hundred per cent or more is necessary, depending upon the 
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type of machine. This increase is due largely to additional 
causes of loss which do not occur to any appreciable extent 
in transformers. Some of these additional losses are as follows: 

(a) Handling of iron. Experience shows that well annealed 
armature iron will have its losses very materially increased by 
springing or bending. If a lamination is given a decided bend, 
beyond the elastic limit, and then is straightened out, the loss 
at the part which has been bent may be increased as much as 
100 per cent. This fact must be taken into account in ma¬ 
chinery where armatures with many light teeth are used. Here 
it is almost impossible to prevent some abuse of the iron, 
especially in the teeth, which are the parts usually worked the 
hardest. Furthermore, tests have shown that if iron is bent, 
even at a small angle, and not beyond the elastic limit, the 
loss is materially higher with the iron in this strained con¬ 
dition, although the loss may return to normal when the iron 
is allowed to spring back to normal position. And if the iron 
is annealed in a curved or warped position, then when straight¬ 
ened out in building the strain is present, with increased loss. 
In building up armature cores, undoubtedly part of the iron 
is put under stress, especially in the teeth. Any dent in the 
iron, produced by hammering or otherwise, also tends to in¬ 
crease the loss. 

(b) A second source of increased loss in the iron is due to 
the operation of punching. In shearing the iron a small amount 
adjacent to the sheared part is affected much in the same way 
as when iron is bent beyond the elastic limit. In transformer 
plates this strip next to the sheared edge represents but a very 
small percentage of the total volume of each plate or lamina¬ 
tion. However, in armatures with many comparatively long 
narrow teeth, this sheared part may represent a relatively 
large percentage of the whole plate and, moreover, this is a 
part which often has the largest losses. But this may not 
have as great effect on the losses as another result of the shear¬ 
ing, namely, the sharp burrs which are left on the iron. These 
may be very small or almost negligible in appearance and yet 
represent quite a large percentage of the thickness of the plate. 
For example, a burr of two mils height, or 1/500 in., seems to 
be very small indeed, and yet it is about 12 per cent of the 
thickness of a 17-mil lamination. Dies must be maintained 
in very good condition to keep the burr below two mils. The 
effect of this burr is to bring increased thickness .and pressure 
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at the edge of the sheets, particularly at the teeth. If the 
laminations are all turned one direction in building and the 
edges match perfectly the sheets might fit together so accur¬ 
ately that \he burr would cause no extra thickness. But it 
is impossible to obtain such accuracy in practise and, there¬ 
fore, the burrs of one sheet ^hide’’ upon the surface of the 
next sheet, thus increasing the total thickness of the built- 
up iron. In practise, however, the iron is pressed down to 
approximately uniform height throughout. This means that 
the burrs carry considerable of the pressure at the armature 
teeth and there is more or less of a tendency to cut through 
the insulating film on the plates, thus increasing the eddy 
current losses. This is obviously a variable condition depend¬ 
ing upon the accuracy of building, upon the condition of the 
dies, etc., and no method of calculation can take this loss into 
account with any accuracy. In small machines with low 
voltage per unit length of core, this loss usually is not of great 
importance. However, in high-speed large-capacity machines, 
it becomes increasingly important and in some cases special 
means are used for removing the burr before insulating the 
individual armature plates. 

(c) Another source of iron loss, and one which also is be¬ 
yond the scope of calculation, is found in the filing of armature 
slots and cores. In ideal armatures with perfect punchings 
and assembly, there should be no occasion for filing. However, 
the practise, in many cases where the armature iron does not 
build up with perfectly smooth surfaces in the slots, is for a 
limited amount of filing to be done. Usually this takes off 
only isolated high spots, so that the adjacent laminations are 
not bridged over to any great extent by the burrs due to filing. 
The* tendency of most workmen is to file down to a nicely 
polished surface, whereas a coarse filing gives better results 
as it tends to break the laminations away from each other. 
Filing is most harmful in machines having a relatively high 
voltage per unit length of core. A milling cutter for cleaning 
out slots is usually worse than a file, as it produces greater 
burring of the edges. However, if the milling is followed by 
filing with a very coarse file the results may be just as satis¬ 
factory as with filing alone. Obviously, no method of cal¬ 
culation can show accurately the losses due to such burring. 

(d) The iron losses are affected to a certain extent by pres¬ 
sure, that is, by the tightness with which the core is clamped. 
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The loss due to this is probably closely related to some of the 
preceding losses, such as bending and springing of plates, 
effect of burrs, etc. In small machines the effect of .pressure 
apparently is of little moment, but in large very long cores it 
may become very appreciable. It is particularly noticeable 
in large turbo-generator armatures where the cores are very 
wide. In such machines, in attempting to draw the core 
down to a sufficiently solid condition as a whole, the parts 
next to the end plates are liable to receive abnormal pressure, 
with consequent increase of loss in those parts. For this 
reason, it is the practise in some cases to add an extra separation 
of paper at frequent intervals near each end of the core. Ex¬ 
perience shows that this equalizes the losses and temperatures 
very materially. That this is due to undue pressure and not 
to stray field or other conditions, is indicated by the fact that 
when high temperatures are found in the iron, at each end 
of the core, very often the condition can be relieved by s'mply 
lessening the pressure to a comparatively small extent. The 
writer has known cases where the temperature in the end sec¬ 
tions of the iron‘has been reduced 30 to 50 per cent by ^ ^easing 
off’^ the end plates. The total loss in the core may not be re¬ 
duced very much, for the reduction in pressure usually affects 
only the end sections to any great extent. Presumably this 
loss is due to increased contact between the adjacent plates, 
possibly from the burr, but not entirely so, for similar results 
have been found in some cases where the burr had been fairly 
well removed before enameling the plates. The character of 
the enamel coating used for insulating purposes also has some¬ 
thing to do with this. 

In connection with pressure, the effect of heating of the core 
may be considered. Cases have been noted where the effect of 
high temperature of the core has been to increase the pressure 
between the laminations, due to expansion. This in turn 
increased the loss and thus still further increased the tem- 
^ perature. This effect 4as not been uncommon, to a minor 
extent, but a few cases have occurred where the combined 
pressure and temperature cumulatively have resulted in ex¬ 
cessive core temperatures. In one case which the writer has 
in mind, a certain large machine operated for about two years 
without any noticeably high temperature in the core. Then, 
in a comparatively brief time, it showed evidence of increas- 
temperature until finally an entirely prohibitive tempera- 
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ture showed at one place. Examination showed that the core 
was very tight and all evidence indicated that increased tem¬ 
perature was causing increased pressure and thus further in¬ 
creasing the loss. In this machine, fortunately, the construc¬ 
tion of the armature core and winding was such that the end 
plates could be released very, easily about i in. on each end. 
This was tried as an experiment and the temperatures all 
returned to the former normal of about 30 deg. cent. rise. 
As an interesting side issue, it may be mentioned that on this 
machine the armature teeth at each end of the core had been 
breaking off, although stout brass supporting fingers had been 
used. Apparently under the increased pressure, due to heating, 
the fingers would be bent away from the core, thus releasing 
the tooth laminations. Repeated tightening of the brass 
fingers did not relieve this condition. However, when the end 
plates were released \ in. at each end of the core, the brass 
fingers were then sprung in against the teeth and afterwards 
remained in position so that no breakage of tooth laminations 
was ever reported afterwards. 

Obviously, with losses dependent upon pressure, no extreme 
accuracy in calculation of such losses is possible. However, 
in moderately small size machines, and especially in those of 
very moderate frequency and of very low voltage per unit 
length of core, the effect of pressure is not serious, within a 
moderate range of practicable pressures. 

(e) Another source of iron loss, but which is not in the arm¬ 
ature core, is that of the pole face, due to the tufting or bunch¬ 
ing of the flux between the field pole and the armature teeth, 
where slotted armatures are used. Obviously, with all other 
conditions the same, this pole face loss will depend upon a 
number of variables in the lamination of the material itself. 
The effect of burrs from punching, the burring over of the 
surface due to turning, the effect of pressure, etc., all appear 
in the pole face loss. Therefore, it is evident that great ac¬ 
curacy in the calculation of such loss is impossible, in com¬ 
mercial apparatus. There are other conditions that affect 
this pole face loss which will be considered later under this 

subject. 

Affyidtufc Rifi^ Loss, The true iron loss in the armature 
ring is dependent upon the total flux per pole, distribution of 
flux, rate of change of flux, etc. The problem is much com¬ 
plicated by the fact that the flux distribution in the ring usually 
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is not uniform, that is, certain parts of the core have higher 
maximum densities than other parts. However, in ordinary 
practise the core densities used are relatively low, so that the 
losses can be approximated by averaging the inductions in 
. certain parts. However, the rate of change of flux in the 
ring is dependent, to a certain extent, upon the flux distribution 
in the air gap and armature teeth, and this introduces some 
error, always in the direction of increased loss. 

The distribution of flux in the armature ring is also depend¬ 
ent upon the effective length of the various flux paths. These 
latter will naturally depend upon various conditions, such 
as the number of poles, diameter of armature, flux distribution 
in the air gap and teeth, etc. Therefore, any method which 
does not take this distribution into account is necessarily only 
approximate. However, in practise there are so many other 
variables, as already described, in connection with manufactur¬ 
ing conditions, such as burring, filing, etc., that empirical rules 
have been developed, based upon numerous tests, which ap¬ 
proximate the armature core loss in a standard type of ma¬ 
chine about as accurately as any attempt toward exact cal¬ 
culation. 

Armature Tooth Losses at No-Load. Apparently the flux 
densities in the armature teeth can be calculated with more 
accuracy than in the various parts of the core, for in the teeth 
the fluxes are limited to fairly definite paths. Therefore, 
exclusive of the losses due to manufacturing conditions, as 
already described, the tooth losses can be fairly accurately 
calculated, probably with much greater accuracy than many 
other losses, as will be described. The tooth losses may be 
considered further as follows: 

The flux density in each individual armature tooth passes 
through a cycle, indicated by the shape of the field form. With 
the field form of the shape illustrated in Pig. 1, the tooth den¬ 
sity will be a maximum at A, and this density will remain 
practically constant as the tooth moves toward C until the 
point B is reached. It will then decrease as the ordinate of 
the field form curve decreases and will reach zero value at C. 
The cycle of flux change is not sinusoidal, and therefore, the 
actual tooth iron loss should not agree with that represented 
by the usual iron loss curves based upon sinusoidal ‘changes 
in induction. The difference, however, may be relatively 
small in the ordinary types of machines. The error may be 
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taken care of by some suitable correcting factor, which, of 
course, will be only approximate for the average case. 

The density in the armature teeth is involved in the iron 
loss. This density is not uniform over the entire depth of 
the tooth, with the usual parallel-side slots, for the section 
of the tooth tapers off. This difference of section, in small 
diameter machines, may be very considerable. However, a 
higher density at the base of the tooth, tending to give higher 
iron loss, is compensated for, to some extent, by the reduced 
volume of material. In consequence, the mean section, at 
some point from one-half to two-thirds the way down the 
tooth may be taken and the mean density and volume of ma¬ 
terial, based upon this section, may be used for approximating 
the iron loss. The accuracy of this method will be dependent, 

to some extent, upon the actual density used. For instance, 

if both the minimum and 



Fig. 1 


maximum densities in the 
tooth are relatively low, then 
the loss calculated for the 
mid-point density, at the mid¬ 
point section, will be closer 
to the true loss than if the 
maximum density is exces¬ 
sively high. 

Armature Copper Eddy Cur¬ 
rent Loss at No-Load. There 


may be a number of eddy current losses in the copper, some of 
which are of a minor nature. However, there may be two 
relatively large losses, depending upon the design of the ma¬ 
chine. One of these is due to the flux from the field poles 
entering the armature slots and cutting the conductors. This 
is, to a certain extent, a function of the saturation of the tops 
of the armature teeth. It is also dependent upon the width 
of the slot opening compared with the iron-to-iron clearance. 
At first thought, one would say that the larger the air gap 
the more would the lines from the pole pass into the tooth 
top. However, the opposite is the case, for the larger the gap, 
the nearer do the lengths of paths into the slot approach to 


the iron-to-iron clearance, in percentage.^ 

In moderate size machines with relatively small air gaps 
and moderate slot widths, the eddy current loss from fringing 
into the top of the slot is comparatively small, and, as a rule, 
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no special precautions need be taken to minimize it. This 
particular loss is usually greatest in high-voltage, large-capac¬ 
ity turbo-alternators, where relatively wide slots, up to 1.5 
in. or more, may be used, and where the air gaps are very large. 
In such cases lamination of the top conductors to avoid eddies 
from this cause may be desirable. 

The second source of eddy current loss in the copper, which 
is liable to be larger than all others combined, is due to the 
peculiarities of flux distribution in the armature teeth. Let 
Fig. 2 represent the magnetic conditions in a given machine. 
It is evident from this figure that under the central fiat part 
of the field form, the armature teeth are worked at a uniform 
induction, assuming that there is no field distortion. How¬ 
ever, at the edges of the pole the tooth density decreases 
slightly. If the saturation of the teeth under the flat part of 
the field form is very high 
(materially above 120,000 
lines per sq. in.), the ampere- 
turns required to magnetize 
the teeth may be very con¬ 
siderable. However, at the 
edge of the pole a compara¬ 
tively small decrease in the 
flux density in the teeth (15 
to , 20 per cent) will mean a 
relatively enormous decrease 

in the ampere-turns for the teeth. For instance, the tooth c 
in Fig. 2, under the central flat part of the field form, may 
require 2000 ampere-turns, while the next tooth 5, under the 
pole edge, which is worked at possibly 20 per cent lower den¬ 
sity, may require only 10 to 20 per cent as many ampere-turns. 
Assuming such conditions, then the magnetic potential at the 
top of toothy: will be higher than that at the top of h by 1600 
to 1800 ampere-turns. Therefore, under this condition there 
will be h very considerable flux across the slot between c and 
h. A little earlier or a little later in the rotation this flux across 
this slot will not exist to any extent, for the ampere-turns for 
h -and c will then both be comparatively low or very high, 
while the difference between them will be small. In conse¬ 
quence, near each pole edge, there is a very rapid rise and fall 
of flux across the armature slots. This is illustrated in Fig. 2. 

Obviously, the armature conductors lying in the path of 
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this flux will be the seat of e.mis. which will tend to set up 
local currents, the value of which will be some function of 
the e.m.f. producing the current, of the dimensions^ of the 
conductor, etc. If the flux across the slot is large, this e.m.f . 
may also be considerable, for the rate of this flux change wi 
be high compared with the normal frequency of the machine. 
As the e.m.f. generated is a function of the maximum difference 
between the ampere-turns required for two adjacent teeth 
and as the loss in any given case will vary as the square o e 
e.m.f., obviously the loss in one slot will vary as the square of 
the maximum difference between the ampere-turns . of two 



Fig. 3 


adjacent teeth.' At very high saturation, the maximum i - 
ference between the .ampere-turns required for two adjacent 
teeth may be relatively high and the loss may be correspon - 
ingly great. Due to the shape of the permeability curve of 
steel at very high saturation, the difference between the ampere- 
turns of two adjacent teeth may increase faster than the square 
of the terminal e.m.f. Therefore, the eddy current loss 
this cause may increase faster than the fourth power of the 
total induction per pole. Evidently, therefore, it is desirable 
to keep these eddy current losses at a low value at iio-load, 
for the high tooth ampere-turns under the distorted con¬ 

ditions of full load will tend to increase the percentage of these 
losses very greatly. Fig. 3 shows a characteristic core loss 
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curve for a generator in which the copper loss, due to the above 
cause, is very large at the higher e.mis. 

Several years ago, the writer spent considerable time in 
attempting to determine the value of this eddy current loss at 
no-load. Neither sufficient nor entirely satisfactory data 
were available. From the data at hand, the following em¬ 
pirical formula was derived, which appeared to accord fairly 
well with the facts in a number of cases which were worked 
out. This formula applies, however, only to windings with 
two conductors in depth per slot. This formula for the loss 
in conductors is 


Watte loss - j SO y. R. P (MOO + <■)■ 

w 

a = Maximum ampere-turns for one tooth. 

Vc = Total volume of copper, in cubic inches, in one slot. 

Rs — Revolutions per second. 

p = Number of poles. 

The values for the watts eddy current loss in the copper 
were approximated by taking the iron loss curves at the lower 
e.m.f. values (where the above eddy current loss would be very 
low), and then projecting them for the higher values accord¬ 
ing to the laws which the iron loss alone should follow. The 
difference between this corrected iron loss and the actual test 
curve was assumed to consist largely of eddy current loss. As 
this difference usually increased very rapidly at higher induc¬ 
tions, the above assumption was in line with the preceding state¬ 
ments that this eddy current loss may increase much more 
rapidly than the square of the flux. In this determination 
obviously the pole face loss would have to be taken into ac¬ 
count. This was taken care of as far as possible, by tests 

with relatively large air gaps, the pole face loss thus being 
very small. 

It may be noted that in the above empirical formula, the 
ampere-turns for one tooth under the maximum field has been 
used, instead of the maximum difference between the ampere- 
turns of two adjacent teeth. However, the tests indicated 
in general that the maximum difference was approximately 
proportional to the maximum ampere-turns in one tooth and 
therefore, it was simpler to use the total turns for one tooth 
Also, where the total tooth ampere-turns are tapered off over 
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several teeth, the difference between the ampere-turns for 
adjacent teeth is reduced, but more slots and more copper is 
involved, whereas the empirical formula includes only the 
copper for one slot. Various attempts were made to include 
all the different factors, such as ampere-turns across each 
slot, number of slots, number of conductors involved, counter 
magnetomotive force of the eddy currents, etc., but none of 
the resulting formulas gave as consistent results as the above. 
It must be admitted that this formula is an extremely crude 
one, but it happened to fit most of the cases that the writer 
was able to analyze. In deriving this equation, it was found 
that if the loss was assumed to vary directly as the square of 
the tooth ampere-turns, then it would be too great at very 
high tooth saturation. At high tooth densities, the flux across 
the slots, at the pole edge, is distributed over several successive 
slots, so that the maximum difference between the ampere- 
turns of two adjacent teeth bears a lower proportion to the 
ampere-turns for one tooth. Also, at very high tooth densi¬ 
ties there is more or less fringing of flux down through the slot, 
in parallel with the tooth flux, and this makes the determina¬ 
tion of the actual tooth flux difficult. In the formula, there¬ 
fore, the term (1000 -f af is used in place of to take care 
of these conditions. This term, however, is obviously wrong, 
in that it indicates a loss when the tooth saturation is negli¬ 
gible. However, this loss under low saturation usually works 
out from the formula to be of comparatively small value, so 
that the error is not of much importance. 

A modified formula, which agrees with the above fairly 
closely at high saturations, but gives no loss at zero saturation, 
is the following: 


Watts loss = 


135 Fc Rs p (4000 + a)a 
108 


The following table shows the comparison of the copper 
eddy loss compared with the calculated loss by the first formula 
above, for a number of machines. It will be noted that the 
agreement is not particularly close, but possibly as good as 
could be expected, considering how the test losses were de¬ 
rived. It may be stated that these were all- comparatively 
old types of machines, for in recent years great pains have 
•been taken to eliminate large eddy losses of this character, so 
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that it was necessary to go to old machines in order to obtain 
exaggerated cases. 


Kilowatt 

rating 

Terminal 

e.m.f. 

Rev. 

per 

min. 

340 

600 

685 

U 

700 

U 

500 

600 

225 

u 

625 

U 

750 

250 

514 

U 

320 


750 

550 

514 

U 

700 

a 

1000 

250 

514 


330 

U 

1000 

600 

514 

u 

700 

it 

2000 

575 

300 

u 

675 

it 


No. of 
poles 


Calculated 
ampere -turns 
in 

teeth 

Eddy loss 
estimated 
from 

test curve; 
kw. 

Eddy lo.ss 
calculated 
from 
formula; 
kw. 

1400 

2.7 

3.4 

3000 

10.0 

9.7 

2500 

7.5 

6.15 

4000 

17.5 

12.5 

1200 

1.5 

2.76 

7200 

32.0 

39.3 

1500 

4.5 

3.3 

7000 

33.0 

36.5 

600 

2.5 

2.2 

6000 

50.0 

41.3 

1225 

4.5 

4.6 

2380 

10.0 

11.3 

3000 

12.0 

7.1 

7000 

36.0 

28.2 


Pole Face Losses at No-Load, It has long been known that, 
with open slot armatures, there are liable to. be considerable 
losses in the field pole faces due to bunching of the magnetic 
flux from the armature teeth to the pole face, the armature 
teeth thus acting as small poles of an ^dnductor” type alter¬ 
nator, of which the pole face, to 
a small depth, serves the function 
of the armature core. 

While the effect of this ^‘inductor 
pole” action has long been known, 
the amount of loss due to it has 
frequently been underestimated, 
especially in machines with rela¬ 
tively small air gaps compared 
with the width of the armature 
slots. 

The following crude description will illustrate the extent of 
the variations in flux in the air gap due to the open armature 
slots. In Fig. 4, a represents the width of one armature tooth 
and b represents the width of one annature slot. Let g rep¬ 
resent the single air gap (iron to iron). 

In the lower diagram, which represents the flux distribution 
in the air gap, let represent the flux density in the air gap 



Fig. 4 
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■Linder the armature teeth and ^6 the minimum flux density 

Corresponding to the center of the slot. ■ 

Then, a X Ba = the total flux under one tooth, for urn^ 
■width of core, and b {Ba — Bb) c = the total decrease in 
for the space covered by one slot, c represents the average 
height of the curve de/ in Fig. 4. If this curve be assume ^ o 
be sine shaped, then c would be 0.636. Any other shape whicn 
would be likely to be found in practise would not be far from 
this value. A V-shape, as one extreme, would give c - O.o, 
while a circular shape, as the other extreme, would give c 
0.784. Apparently the value would lie somewhere between 

these two extremes. 

In calculating the effective gap from the above diagram 
and assumptions, the following equation would be obtained. 


^ (< 3 - - 4 " h') JBa _ 

Increased gap g = g X + b) Ba -TiBa -^Bb)c 


O];* = £ X “ 

1 

The resemblance of this equation to Carter’s well-known 
equation for the increased air gap may be seen at once. 


1 X 

b {Bg - Bb) C "" ^ ^ (b) (Ba~^Bb) C 

(a + b) Ba (a + b) (Ba) 


In 


Carter’s equation, g' = g X 


1 _ 

b k 

d b 


Comparing these two formulas, it is evident that k 


(Bg - Bb) c 

B, 


An extremely close approximation to k, can be olitained 

b 

from the empirical formula ^ = —-—This holds closely 

-.n:!i 5 d 


g 
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to Carter’s curve over almost the entire range. Equating the 
above two values of we obtain the equation 


Or, 


Bg-B, ^ 1 (b) 

Bg c {bg b) 

= 1 1 (^) 

Bg C ibg+b) 


This gives the ratio of the flux density at the middle of the 
slot to the flux density under the tooth. 

As an example of what these relative values may be, assume 
that a = or the slot width = the tooth width, and that 
g = 0.25 b, which is extreme for large a-c. or d-c. generators, 
but not unusual for induction motors. Assuming c = 0.635, 


then 



= 0.3, or the density under the middle of the slot 


is only 0.3 of that under the tooth. With these same values, 
the value of becomes 1.2859, or the gap increase is 28.5 per 
cent, which is not unusual for some machinery. Obviously, 
a variation in the flux density at the pole face of 70 per cent 
should tend to give high iron losses in the pole face itself. In 
fact, some of the inductor type alternators which were in com¬ 
mon use a few years ago did not give variations in armature 
flux materially better than indicated by the above value. Such 
proportions as the above example would, therefore, be fairly 
good for an inductor alternator. 

The above analysis is given simply to furnish a means for 
determining the possible variations in the flux density which 
may be obtained with open slots. This gives a much better 
conception of the problem than can usually be obtained directly 
from Carter’s formula for the increased length of gap. It 
also gives a good idea of the possibilities of tooth losses in those 
cases where the teeth of one element or member of a machine 
alternately pass under the teeth and slots of the other member. 

Considerable work has been done at various times to de¬ 
termine the pole face losses due to open armature slots. The 
difficulty in determining a workable formula is very consider¬ 
able, as there are many conditions which may directly or in¬ 
directly affect this loss. For example, the thickness of the 
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laminations, or the material in the pole face, may have an in¬ 
fluence. Any general formula for this loss would require 
different constants for different types of pole faces. One 
formula for this loss has been given by Professor C. A. Adams 
and his associates.* The formula is very complex and some¬ 
what difficult to use. 

A much simpler formula for laminated pole faces is as fol¬ 
lows, for 0.031-in. laminations; 


Watts loss = 


75 bE^ 
Cj W/ g L 



E = Generator voltage. 

b = Width of slot. 

g = Single air gap (iron to iron). 

= Armature wires in series. 

L = Width of pole face. 

Cf = Field form constant. 

5 '^ = Total slot space = width of slot X No. of slots. 


It is very difficult to obtain any reliable data on pole face 
losses alone, for other core losses are liable to be included in 
any tests. Variation of air gap, with everything else in the 
construction unchanged, gives a partial measure. However, 
this changes the field form somewhat and thus modifies the 


*Pole Face Losses, by Comfort A. Adams, A. C. Lanier, C. C. Pope 
and C. 0. Schooley, Trans. A. I. E. E., Vol. XXVIII, Part II, 1909, 


page 1151. 


1V„ = SpXP X 0.000462 ( ^ j X — J 


X s 


1.5 



Wp 


p 

0.000462 

V 

e 


- Pole face loss. 

= Section of one pole face (average section where the 

density is Bg). 

= Number of poles. 

= Constant for i^g-in. laminations. ^ 

=: Density in the gap over the section 5p. 

= Velocity of the armature surface in feet per second. 

= Ratio of width of slot to air gap. 

= Tooth pitch in inches. 
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tooth saturation and the tooth and eddy losses, to a certain 
extent, thus rendering doubtful the pole face component. 

The above formula is necessarily approximate and applies 
only to laminated pole faces. The effect of cutting away 
part of the laminations in order to produce high saturation 
at the pole face is not included. However, it is possible that 
this may not influence the loss to any great extent. The 
greater part of the loss is represented by eddy currents, and 
cutting away part of the laminations will tend to break up the 
losses between plates and this may compensate to a con¬ 
siderable extent for the higher densities in the remaining plates. 
It is hoped that some time in the future more complete data 
may be obtained, over a sufficiently wide range of conditions, 
to cover the practical range of ordinary design. 

The following table covers a number of machines with ad¬ 
justable air gaps in which the pole face losses were worked 
out according to the above formula. Also, the total calculated 
and the total test losses are given, to indicate the agreement in 
a general way. The writer is perfectly willing to admit that 
he believes that the fairly close agreements between some of 
the calculated and test totals are largely accidental, and they 

should not be taken as proof of any great accuracy of the 
methods. 

It is obvious from this table that the pole face losses may 
be comparatively high in some cases, provided the formula is 
reasonably correct. Evidently, if these losses could be cal¬ 
culated with any great accuracy, the design of the machine 
might be considerably modified, compared with more recent 
practise, with advantageous results. The pole face losses will 
evidently be greatly increased by field distortion when the 
machine is carrying load. Eddy currents iffi the copper are 
also affected by field distortion, and a correct method of cal¬ 
culating both the eddy curi'ent and the pole face losses with 
various ^ loads should lead to considerable modification in the 
proportions of d-c. machines, in general. 

Stray Losses. Under this heading may be included a number 
of no-load losses which are usually of a minor nature. Among 
these may be included secondary losses in the armature wind¬ 
ing due ^ to unsymmetrical cross-connections or unbalanced 
voltages in parts of the winding which are connected in narallel 
There are various possibilities for losses from this source and 
in consequence, it is always advisable to use armature wind- 
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ings which are as symmetrical as possible. Also, the arrange¬ 
ment of the winding should be such as always to generate bal¬ 
anced e.m.fs. in parallel circuits. This condition is not in¬ 
frequently overlooked in the design of direct-current machines. 

A second cause of undue loss in the armature winding may 
be occasioned by short-circuiting one or more of the armature 
coils under an active field. The brushes may be shifted from 
the magnetic neutral point so that some of the armature con¬ 
ductors are short-circuited under the main field flux; or the 
neutral point may be so narrow and the brush so wide that 
some of the armature turns are short-circuiting in an active 
field, even when the brush is set for the no-load neutral. An 
armature winding which is considerably ''chorded'' in a field 
with a narrow neutral point may have two sides of a coil short- 
circuited in fields of the same polarity. The e.m.fs. in the two 
sides of the coil should, therefore, balance each other if the 
brush is set at the true neutral. However, if the brush short- 
circuits several coils or turns, obviously only one of them can 
be at the true neutral and have balanced e.m.fs. set up in its 
two halves. The other turns may have more or less local 
current in them, which may be a source of considerable loss. 

A third condition may occur when there are considerable 
pulsations in the reluctance in the air gap under the main 
poles as the armature teeth move under the poles. This vary¬ 
ing reluctance usually gives varying main flux and at a relatively 
high frequency. The armature coils short-circuited by the 
brushes will act as secondaries to these pulsating fluxes and 
in ^ consequence there may be some loss in the short-circuited 
coils due to this cause. Any solid parts of the yoke or poles 

may also have losses due to this cause. Usually, however, 
.such losses are si^all. ’ 

A fourth source of loss may rise from stray fluxes from the 
main fields to the armature, which do not pass through well 
laminated parts of the armature core. For instance, the 
ventilating spacers may be so dimensioned and shaped that 
ed^es^ can be set up in them. Also, the finger plates at each 
end of the core, the end plates, etc., may carry light fluxes 
which produce some loss. Bands on the armature core or 
at the ends may also be the seat of e.m.fs. and will have some 
OSS in them. These losses are difficult to determine, and 
m practise, should be eliminated as far as possible. 
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Full Load Losses 

It is evident from the foregoing that the no-load core losses 
are dependent upon so many variable conditions that there 
can be no great accuracy in predetermining such losses unless 
all the details of construction, material, treatment, etc., are 
known for each individual machine. The impossibility of 
accurate calculation is shown by the fact that the individual 
machines built on the same stock order will vary considerably 
from each other, especially in certain types. 

While the no-load losses are difficult to predetermine, the 
full-load losses are still much more difficult to calculate, as 
will be shown in the following rough analysis. Here, the 
effects of flux distortion by the armature magnetomotive force 
tend to exaggerate the pole face losses and those in the arma¬ 
ture Conner, which are the two relatively large losses which 

are most difficult to calculate 

at no-load. Also commuta¬ 
tion and brush, losses, due 
to load, now enter into the 
problem. The individual core 
losses may be considered 
briefly as follows: 

Armature Ring Loss, with 
Load, This loss should not 
change greatly with load, 

provided the total flux at load is practically the same as at 
no-load. Under this condition a variation in the distribu¬ 
tion of this flux is about the only factor which should pro¬ 
duce any material change in loss. The full-load field form 
may be illustrated by Fig. 5. It is evident from this figure 
that the flux is now crowded toward one pole edge and, 
therefore, the major part is concentrated in a narrower 
space. The average length of the flux path .may, therefore, 
be somewhat greater than at no-load, but in some cases this 
may tend to distribute the flux more uniformly through the 
deoth of the ring. However, where the flux enters the core 
at the base of the teeth there will be slightly more crowding 
and, therefore, somewhat increased loss. Taking everything 
into consideration it would appear that, in general, the arm¬ 
ature ring loss can be considered as practically constant with 
constant total flux and speed, independent of the vanation 

in load. 
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In variable-speed and adjustable-speed d-c. machines, the 

armature ring loss may vary over a wide range due to changes 

in total flux and speed. Such cases are difficult to calculate 

with any degree of accuracy, although no more so than other 
losses in the same machines. 

Armature Tooth Loss, with Load. As shown by Fig. 5, the 
tooth flux density at one edge of the pole is decreased and at 
the other edge is increased when the field flux is distorted by 
tte armature magnetomotive force. The increased density 
in the annature teeth means increased iron loss and, if the dis¬ 
tortion is very great, the increase in tooth loss may be very 
large, being in some cases even doubled or trebled, compared 
with the no-load tooth loss. No direct rule can be given for 
the calculation of this loss, except that it may be determined 
approximately by calculating the flux distribution with load 
and thus determining the flux densities in the teeth. 

In variable-speed and adjustable-speed machines, particu¬ 
larly in the latter, the tooth loss with load will be affected very 
considerably by changes in both speed, and total flux. In 
vanable-speed machines of the series type, reduction in speed 
usually accompanies increase in total flux, so that, as regards 
he losses, one effect partly neutralizes the other, so that the 
increase in tooth loss with load may be less than in a constant- 
speed machine. In adjustable-speed machines, however, es¬ 
pecially in those of constant horse power and constant voltage, 
the tooth losses will vary over a very wide range with change 
m speed. Here, the armature magnetomotive force is con¬ 
stant (assuming a constant horse power) and the field flux is 
vaned from a maximum value at lowest speed to one-quarter 
va ue at four times speed, assuming a four-to-one range. The 
total flux, therefore, varies inversely as the speed and the two 
effects should nearly compensate each other, as regards losses, 

1 It were not for the variation in flux distortion. At lowest 
speed with considerable saturation in the pole horns and 
armature teeth, the armature magnetomotive force, even if 
relatively large compared with the field magnetomotive force 
may not produce very large distortion, so that the tooth loss 
is not increased excessively over the no-load tooth loss How¬ 
ever, as the field is weakened, the armature magnetomotre 
force remaining constant, the distortion is relatively increased, 

■LiA r n"" T distorted field may remain almost 

constant in height. As the armature tooth losses are dependent 
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Upon the peak value of this field, then obviously the combined 
effect of this field and the increase in speed will mean very 
greatly increased tooth losses. With very low fieW magneto- 
• motive force, the distortion may be so great as to give a double 
peak, as indicated in Fig. 6. This double peak gives, to some 
extent, the effect of a double frequency and thus .further in¬ 


creases the loss. _ 

Eddy Currents in Copper. When the field form is distorted, 

with load, the ampere-tums in the teeth at one pole coiner 
are greatly increased, while those at the other corner are de¬ 
creased. Therefore, there will be an increased loss in the 
copper at one pole edge and a decreased loss at the other pole 
edge. However, as this loss at high inductions will vary al- 

most as the square of the 



ampere-turns in the armature 
teeth, it is evident that the re¬ 
duction in the loss at one pole 
corner may be small compared 
with the increase in loss in the 
copper at the other pole corner. 
The resultant loss can be calcu¬ 
lated approximately by using the 
formula already given for no- 
load conditions, but with the 
ampere-turns in the teeth based 
on the load conditions. This 
would give a loss corresponding 


to no-load with the maximum 
induction in the teeth raised to 


peak value with load. This would include losses for the two 
pole corners; therefore, the result should be -halved, as the 

peak density occurs at only one pole edge. 

If the empirical formula given for the copper loss repre¬ 
sents the facts, even to a roughly approximate degree, the ^re¬ 
sults are very startling when applied to some of the old-time 
machines. The calculations show that in some cases the 
eddy current copper loss at heavy load was several times greater 
than at no-load. This should be true, but to a much less extent, 
in more modern types of machines. The results indicate that 
in many cases there would be considerable gain by reducing 
the field distortion througli high saturation in the pole face, 
pole horns, etc. This saturation, however, would have to be 
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SO arranged as to give the most beneficial field distribution 
with load, and haphazard methods of cutting off pole corners, 
without regard to the field form with load, would have to be 
avoided. In fact, in the past, the cutting away of pole corner * 
laminations, in many cases, has been largely for the purpose 
of improving commutation, and not to obtain the best field 
form with load. 


Pole Face Losses, with Load. The pole face losses will obvi¬ 
ously be affected locally by change in the flux density in the 
air gap or at the pole face. Field distortion will tend to increase 
the loss at one pole corner and decrease it at the other. The 
increase will usually considerably exceed the decrease, but the 
resultant will not be increased in anything like the same pro¬ 
portions as the copper eddy current losses under the pole corners 
are increased with load. A rough approximation for the in¬ 
creased iron loss could be obtained by comparing the squares 
of the densities, at several points along the distorted field 
form, with the squares of the densities of the no-load field 
form corresponding to the total induction. 


As the increase in pole face losses with load will, in some 
instances, be considerably less than the increase in the eddy 
current losses, it might be advantageous in such cases to de¬ 
crease the field distortion by pole face saturation, even at the 
expense of increasing the no-load pole face losses. For example, 
1 , m an extreme case, the air gap were decreased 20 per cent 
an the air gap ampere-turns thus gained were expended in 
suitably satiating the pole face material, then the full-load 
field distortion might be much less than with the larger gap 
with the same total field magnetomotive force. The no-load 

losses would be practically unchanged, 

Tt, loss would be increased. However, 

he full-load pole face loss, due to the reduced distortion, might 

current 

s in e copper might be very much less than with the 

i3db®^?' ^Me the total no-load losses 

tban h.f ”"^hat, the full-load loss would be smaller 

bt p t carrying capacity of the machine would 

ctually increased. This would apply, however, only to 

tooth ^ss ^^here the no-load eddy current and armature 

tooth losses are relatively high and where the distortion is 
rather large with load; ' aisLortion is 


Stray Losses. When the machine is carrying load, the stray 
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losses given under the no-load conditions may also exist and 
at the same time some of these may be greatly exaggerated. 
Also, other losses may appear which are not found at no-load. 

Copper loss due to short-circuiting the armature coils in an 
active field will sometimes be more pronounced than at no- 
load, particularly in non-commutating pole machines in which 
the brushes are shifted into an active field to produce com¬ 
mutation. This field, as a rule, will only be of proper value 
to produce proper commutation at some definite load, while 
at other loads there may be very considerable local currents 
in the short-circuited coils, which may produce loss. 

As the main field flux is crowded toward one pole comer 
and the field form becomes more pointed in shape, the effect 
of variable reluctance in the air gap may become more pro¬ 
nounced than at no-load, and, therefore, pulsations of the mam 
field flux may cause more loss in the short-circuited armature 

coils. 

Stray fluxes from the main poles will be distributed differ¬ 
ently from the no-load condition and the densities of these 
stray fields may be considerably higher at certain points and 

thus give increased losses. 

Additional losses at full load may be due to fluxes set up 
by the magnetomotive force of the armature winding itself 
when carrying load. For instance, the armature winding will 
set up magnetic fields, through the end windings, which fiel s 
are fixed in space, in a rotating armature machine.^ Bands or 
supporting parts, or other solid metal, rotating with the end 
winding, may cut these stationary fields or fluxes, and thus 
losses may be set up which are a function of the load. 

Another source of loss at load may be found in the operation 
of commutation itself. A magnetic field or flux is set up by 
the armature winding across the slots from one commutation 
zone to the next. At the point of commutation this flux is re¬ 
versed in direction with respect to the armature conductors, 
and therefore, there will be local currents set up in the arm¬ 
ature copper itself, due to this action. This, however, should 
be more properly charged to commutation loss rather than 

to armature core loss. 

The above covers the principal core losses in direct-current 
machines. It was the original intention to analyze the core 
losses in the various types of rotating machines, but it soon 
dsveloped that the subject was too extensive for the scope 



286 LAM ME: IRON LOSSES [March 7 

of this paper, therefore it was limited to d-c. machines only. 
However, many of the conditions which hold for d-c. machines 
also apply, to a certain extent, to many other types. In ad¬ 
dition there are losses in d-c. machines which are relatively 
large compared with those in other apparatus, due to the fact 
’ that the tooth saturation in d-c. machines is frequently ca.rried 
much‘higher than in other apparatus. 

The foregoing treatment of core losses is qualitative rather 
than quantitative, and it deals with the simpler phenomena 
only. It omits some very complex conditions, such as the 
effect of pulsations in flux superposed on high densities, dis¬ 
placed minor hysteresis loops, etc., which mean additional 
losses. The principal object of the paper is to give a better 

idea of the possibilities and impossibilities of the problem of 
core losses. 
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Discussion on “ Iron Losses in Direct-Current Machines ” 
(Lamme), Schenectady, N. Y., March 7, 1916. 

Erben: I agree with Mr. Lamme’s statements that 
iron losses may be approximated with extreme accuracy but 
these approximations must be based upon past experiences. 
Mr. Lamme calls attention to the extremely distorted wave form 
often encountered in variable speed motors and instances rig. 

6 of the paper as being a typical case. While the_ field fgrm as 
shown in Fig. 6 is a fair representation of the conditions that may 
be met in a three to one variable-speed motor, distortions of 
greater magnitude will be encountered if speed variations of 
four to one or five to one are attempted. I have in mind a 
four to one variable-speed motor which at no load and full load 
and maximum speed had field forms as shown in Fig. 1. It will 
be noted that at full load the field form was so distorted that 
there was an actual reversal of flux in the leading pole tip and the 
flux density at the trailing tip was fifty per cent greater than at 
no load. When one considers 
that the teeth in the trailing 
tip under these conditions are 
well up to saturation and that 
the armature teeth are sub¬ 
jected to double frequency, 
due to the reversal of flux, it 
is inevitable that there will be 
extremely high losses. Losses 
due to distortions of this 

nature can be obviated by either providing compensating wind¬ 
ings or by using very large air gaps._ . 

Generators operating on the multiple-voltage system m con¬ 
nection with mine hoists and rolling mill equipments may have 
verv high core losses under the condition of low voltage and 
maximum current. The high armature reaction gives nse to an 
extremely distorted wave form with high peaks. In older to 
counteract this condition, compensation is usually employed in 

generators of this type. • 

Mr. Lamme’s paper has only touched upon losses in iion- 

commutating pole machines. In commutating pole machines 
there is present a loss which is absent in non-commutating pole 
machines, namely the eddy current loss in the conductors directly 
under the commutating poles. The flux necessary to produce 
commutation may be of sufficient magnitude to cause appreciable 

eddy current losses in these conductors. _ . j. 

Generators and motors in which compensating windings are 
used are subject to core losses which are not inherent to machines 
of the commutating pole type.' These losses arise thr^gh the 
variations in total flux, caused by the coincidence of the teeth 
in the armature and pole faces. Although extreme care may be 
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exercised^ in arranging the relative position of the two sets of 
teeth it is almost an impossibility to get any combination of 
teeth which will not give rise to slight pulsations in flux. Any 
variation in the magnitude of the tooth flux will give rise to 
eddy current losses in both the armature conductors and in the 
conductors used in the compensated winding. I have cited 
these cases merely to show the extreme complexity of the prob¬ 
lem which faces the designer in attempting to make a true esti¬ 
mate of the core losses of machines of moflern type. 

W. S. Moody: Transformers have no such percentage of 
losses to contend with as Mr. Lamme has shown us to exist in 
the case of generators and motors: yet the stray losses in a 
transformer are by no means negligible. 

Most of the different kinds of‘stray losses which have been 
mentioned, exist to a minor extent in a well designed transformer 
and may easily be of a serious amount in a poor design. 

If a given quality of sheet steel is made up into a ring shaped 
core, each lamination perfectly insulated from the others, the 
mimmum loss that possibly can be obtained will result from 

alternating magnetization. Just as soon as 
one departs from this simple elementary 
form of magnetic circuit, the losses increase. 
The ring cannot even be made into a 
rectangle of the same cross section and mean 
length without an increase in the losses. If 
there are joints either interlocking or butt, 
Fig. 2 increased losses come from the more or less 

qfrflv inQCAc h results. Again, cross flux gives 

oartl 5 f ^ different cross section in different 

parts 01 a transformer s core. 

another kind of stray loss 

is dSSd i^nSif t® ^ 2. there 

multi-nh^P ^ ^ the_ core not covered by the windings 

increflqp '5 thai ^ a rotating character, which very greatly 

tS absSi'ofT "i" this part of the magnetic circuit 

wi-+df f the fact that cores can be built 

are iess in transformers than in other apparatus. 
fectiv'iSdltPd^tl^f ^ laminations, which are per- 

gi?en^ Se of hon trlXrmem hf^ 

circuit can rMrmTT -u • having a simple magnetic 

thm 5 ^ ‘’i! ^”1“ are not more 

in a “aniomS “Sv "‘“S’ 1“=“ 

noimal losses. ^ P®’' ®®”^t of the 

lo®®®® iu the copper but unlike 
the load currents ^ ^ result of 
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■ Small transformers with small conductors have a negligible 
stray loss in the copper, but it is difficult in large transformers 
to keep the loss within a negligible amount, and in poorly worked 
out designs, the stray copper losses may readily reach such 
figures as have been mentioned for stray losses in generators. 

Wm. B. Potter: The efficiency of electrical apparatus is 
certainly a subject worthy of most careful analysis. As^Mr. 
Lamme has pointed out, there are often eddy losses of consider¬ 
able moment other than those strictly chargeable to the magnetic, 
circuit. The copper conductors, under conditions which are 
favorable to the generation of eddy currents^, may in themselves 
have losses, which result in a temperature rise quite out of pro¬ 
portion to that from the useful current for which they have been 
provided. An extreme case I recall was a railway motor with 
armature conductors of unusual depth running in a field of high 
maximum intensity, and with the original solid bar winding the 
local current in these conductors was sufficient to cause a tempera- 
ature rise equal to that calculated for the energy current under 
full load. The remedy in this case, as mentioned by Mr. Erben, 
was to split the bars so as to make narrow strips of that part 
within the core, and criss-cross these strips midway^ the length 
of the slot so as to balance the differences of potential between 
the top and bottom of the conductor.^ Desirable as it is to im¬ 
prove the efficiency, it is often essential to keep the losses at a 
minimum because of the heating that would otherwise result, 
and this is especially true in electrical apparatus where space is 
of the utmost importance as is so often the case with railway 
motors. Probably more is required of a railway motor for its 
corresponding size and weight than any other electrical machine. 
The space is limited in width by the gauge, in height by the 
clearances between the vehicle and the track, in length by the 
'wheel base, and it is fortunate that the maximum requirement has 
a limitation in the coefficient of adhesion between the driving 
wheels and the rail. The limitations of space for the railway 
motor are not only severe with respect to heating, but also the 
design is so compact, so surrounded by running gear, and oper¬ 
ated under such adverse conditions that effective ventilation 
is a muph greater problem than with stationary apparatus. A 
departure from, the enclosed design of motor, depending on its 
external surface for radiation, to later types in which the arma¬ 
ture is so designed as to act as a fan giving forced ventilation, 
■has resulted in great reduction in weight and size for corres¬ 
ponding duty. In some classes of service where the conditions 
are not favorable to inherent ventilation, the use of external 
blowers as a supplementary feature has been found essential. 
It is most important that the losses should be eliminated so far 
as possible, and next of importance is to effectually deal with the 
losses that cannot be disposed of. 

Friend H. Kierstead: Mr. Lamme in his reference to eddy 
current losses did not bother us with a statement of the peculiar- 
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ities and erratic characteristics of these losses. I would like to 
touch upon the erratic characteristics of eddy current losses 
with reference to a transformer. 

Let Fig. 3 be any conducting material being cut by magnetic 
flux. Then an eddy current will flow as is indicated in this figure. 
We can think of this conducting material as being the secondary 
of a transformer. Now, if its resistance be very high, it acts 
the same as the secondary of a transformer that is open cir¬ 
cuited. If its resistance be very low, it acts the sam.e as a short 
circuited secondary. The losses in the material due to the eddy 
currents will be affected by the flux density, by the frequency, 
by the shape of this conducting material and by its specific 


resistance. 


Eddy current losses are equal to 


X X 


where E 


"F 


-Magnetic.riux- 


is eddy voltage, R is the resistance of the eddy circuit, and X is 
the reactance of the eddy circuit. 

Now if the density of the flux that cuts the conducting ma¬ 
terial in Fig. 3 is changed, then, inasmuch as the only thing 

that is affected in the above 
formula by the density is the 
voltage, the edd 3 ^ loss will in¬ 
crease with the square of the 
density, because the voltage is 
directly affected by the density. 

Now, if the frequency be 
changed, then the corresponding 
change in the loss depends upon 
the relative values of X and R. 
If X be very small, as compared with R, the loss is equal 
£2 

to and an increase in frequency will increase the voltage, 



Eddy Currents 


Fig. 3—Plan and End Ele¬ 
vation OF Any Conducting 
Material Being Pierced by a 
Varying Magnetic Flux 


but will not affect the resistance. Therefore, when the reactance 
of the eddy circuit is small in comparison with its resistance, the 
eddy loss varies with the square of the frequency. 

Take the other extreme, letting the resistance be very small 

?72 7? 

as compared with the reactance, then the loss = — 

X^ 

in which the eddy reactance and the eddy voltage vary with the 
frequencies, to the same extent. In this case, the eddy loss 
is not _affected by the change in frequency. 

An illustration of the former case is in the laminations in the 
iron of the transformer where the reactance of the eddy circuit 
is very low and the resistance is comparatively high. An il¬ 
lustration of the second case is in the short circuited transformer 
where the resistance of the winding is very low in comparison 
to the reactance, and in this case the losses in the winding do not 
change greatly with the frequency. 
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Let us consider now how these losses change with the dimen¬ 
sions of the conductor. Let the conducting material in Fig. 3 
become greater in extent, in such way that the flux cutting it also 
increases. Then the eddy voltage increases as the conductor 
increases, and so also does the reactance to the same extent. 
Now, if the reactance is small in comparison with the resistance 

the loss = -^ and since the eddy voltage increases and the 

resistance decreases with increase in the cross-section of the 
conducting material, the eddy current losses increase greatly as 
the cross section of the conducting material increases. 

E^R 

Now, if R be small'in comparison with X, the loss = ■ 

and E and X are increasing together, and R is decreasing. Then 
the eddy losses are decreased by increasing that conductor. 

The- eddy losses are influenced by the specific resistance. If 
the specific resistance of a given conductor is changed without 
changing anything else, then neither the eddy voltage or the 
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reactance is affected. Therefore, if the reactance be much 

greater than the resistance, the loss = —— and the eddy 

losses increase with increase in specific resistance directly, but 
if the resistance is great in comparison with the reactance, then 

the loss = which shows that eddy loss is decreased by 

R 

increasing resistance. ^ • j j 

Departing from above analysis, and taking up the divided 

conductor in the slot-wound machine. Reference was made to 
a d-c. machine. Fig. 4 shows such a divided conductor in a 

slot 

In a d-c. machine where the eddy loss in a conductor is not 
created by the current which flows through it, but by flux.which 
is independent to a great extent of the current in the conductor, 
this dividing reduces the loss, but in the case where the eddy 
current is produced by flux, which in turn is produced by current 
flowing through the conductor, dividing the conductor may not 
reduce the loss. Let the field produced by current flowing 
through the conductor be as indicated in Fig. 4. Now if the 
conductor were not divided, as is indicated in Fig. 5, then the 
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greater portion of the current would flow in the top of the con¬ 
ductor and the average density of the flux cutting the^ conductor 
would be reduced. However, since the conductor is divided, 
the same amount of current has to go through the bottom as goes 
through the top. Therefore, inasmuch as half the current is 
forced to stay down near the bottom of the slot then the average 
density is greater than in the undivided conductor and the dif¬ 
ference increases with frequency, and therefore the loss in the 
divided conductor may be greater than it would be if it were 
not divided, providing the frequency be high enough. 

While working under the direction of Mr. H. M. Hobart, we 
had a problem to increase the loss in an induction motor at 
starting so as to get greater starting torque, and we actually 
made up test models to test the losses in the divided and un¬ 
divided conductors, and we found when the frequency was low 
the undivided conductor gave greater loss, but when the fre¬ 
quency was high, the divided conductor gave greater loss. It 
depended upon the depth of this conductor and the frequency. 
As I remember, when we made the conductor three inches deep, 
and had 60 cycles flowing through it, the divided conductor gave 
greater loss. 

H. M. Hobart: Mr. Lamme brought out very clearly that there 
is an irreducible minimum of inaccuracy in predetermination 
of characteristics. For instance, he mentions in his paper that 
two machines built on exactly the same specifications, with 
exactly the same tools, may vary in core loss by 20 per cent. 

If Mr. Lamme’s paper had not been confined to a discussion 
of iron losses, if he had touched on commutation, or on regu¬ 
lation, or on the predetermination of temperature rise, or on 
anything of that sort, the limits which he would have shown 
for the irreducible minimum of inexactness would probably 
have been expressed in larger figures than 20 per cent. 

Mr. Lamme’s assertion relating to 20 per cent inexactness was 
with respect to the no-load core losses, and he pointed out that 
it was not exclusively the iron loss, but that there were often 
also losses in the copper conductors which were included in that 
expression. 

It is a fact that in the completed machine these no-load losses 
are almost always at least three or four times the loss (reduced to 
loss per ton) which would be obtained in a test made on a labora¬ 
tory sample. Transformers constitute an exception; in their 
case there is no such large multiplier, but even there we do not 
get down to the losses measured on the test samples. 

In machines where the greatest care is taken to keep these 
losses down, for instance, in induction motors, the multipliers 
are not so great as in other types. 

Mr. Potter alluded to the difficulties concerning weight of, 
and space occupied by railway motors. I have plotted many 
curves from factory tests to obtain the factor by which to multi¬ 
ply the laboratory loss (the loss of the test sample), in order to 
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obtain the loss in the actually completed machine, and that 
multiplier was larger in railway motors than it was in any other 
kind of machine. In induction motors the multiplier is reason¬ 
ably low. In a-c. generators it is decidedly high. These 
statements relate to the no-load losses. 

When we come to the load losses, the observed idiosyncrasies 
are, of course, all really based on physical laws; such as those 
to which allusion has been made in the paper; absolutely simple 
physical laws always being obeyed; but there are so many of these 
laws that we cannot keep track of them, and at load the losses are 
often much greater than we estimate. The simple old fashioned 
efficiency, in which we placed so much faith, is often distinctly 
higher than the efficiency realized in practise. It is simple 
enough to measure the efficiency to almost any degree of accur¬ 
acy, if there is money enough available to spend on the test, 
but in commercial transactions you cannot arrange for tests 
that cost as much as, or rhuch more than, the machine itself, 
and we have to resort to empirical allowances for the various 
obscure losses. 

We are all familiar with the new Standardization Rules iSvSued 
by the American Institute of Electrical Engineers; the American 
R'ules. A prime mover in creating these Rules was the author of 
the paper of the evening. Mr. Lamme steadily advocated con¬ 
servatism in the drafting of these Rules. ^ If I remember rightly, 
the first suggestion of the plan underlying the “ Conventional 
Efficiency came from Mr. Lamme. He realized that we could 
rarely make these laboratory tests which would give the true 
efficiency, and the only reasonable commercial thing to do was to 
make sensible assumptions for some of these obscure losses, and 
he always said—“ Let us make these allowances large, let us 
make them such, that as far as we can foresee, they are certain 
to at least, cover these actual losses,^’ and so we have in the Rules 
certain allowances, and it has been the aim of the Standards Com¬ 
mittee, that the so-called conventional efficiency, following the 
recommendations of the Rules, will generally be fully as low as 
the true efficiency at which you could arrive if you were to make 
the expensive tests which would be necessary. 

Mr. Lamme referred to the subject of temperature rise and I 
believe it is allowable to make further allusion to the matter. 
The previous Rules were of some use in this respect; they would 
give us some rough notion of what the temperature of the parts 
of the machine might be. As the years advanced, we gradually 
accumulated convincing evidence that the so-called actual hottest 
spots in the machine were often far arid away above the 
temperature you obtained with thermometers. Mr. Lamme s 
attitude was: “ Let us recommend certain methods of getting 
at the very highest temperature, make a clean ^breast of it, let 
everybody know that these machines are running at such and 
such a high temperature.” Consequently it was necessary to 
r^^.adjust the temperature limits, so as to make things sguare up. 
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That was a very good plan. It recognizes the high plane which 
should be occupied by engineering. 

There is no use in figuring efficiencies higher than they really 
are. There is no use in employing ideal but unattainable curves 
in estimating core losses. Let us take a curve which will be sure 
not to leave us in the lurch. Do not let us employ the ideal 
curves and say—“ This is the predetermined temperature rise 
in this machine,” or “ this is the predetermined efficiency of this 
machine,” or whatever it may be, and then never realize such 

results. 

I should like to call attention to a letter which very oppor¬ 
tunely reached me today. I thought it was so relevant to ^this 
particular subject that I would refer to it. It is from a British 
engineer, Prof. Miles Walker. . He alludes to the A. I. E. E. 
Standardization Rules, in paragraphs 452 and 453. These 
paragraphs define the no-load losses. The letter was so appro¬ 
priate to the paper, and so thoroughly corroborates the general 
attitude that Mr. Lamme has emphasized, that I thought it 
would be interesting to refer to it. In reference to these para¬ 
graphs Prof. Miles. Walker says: 

“ Under the heading ‘No-Load Core Losses,’ of course this refers 
to all the losses usually included in an ‘iron loss test,’ and it would 
be well to have a statement in the Rules that these include all 
eddy current losses in armature conductors and frame which 
occur at no load. There is a good deal of evidence on some 
classes of machines that a very large proportion of the no-load 
losses are not core losses.” 

William J. Foster: Several years, ago an alternator was built 
that was three or four times as large as anything previously 
attempted—it was a vertical shaft machine; the weight of the core 
was great, and the clamps were made much stronger than ever 
before. The machine was put together with great pressure, 
to say nothing about the weight of the core itself, which exerted 
great pressure on the lower part of it. , When that machine 
was tested we were disappointed in the efficiency, as the guar¬ 
antee had been high and the calculated efficiency was high. ^ It 
occurred to some of us inasmuch as every element in the design 
was favorable to a very low iron loss such as narrow slots with 
respect to the air-gap and reasonable magnetic densities, it 
might be due to the fact that the core was not really laminated 
as we thought, and so the second core was put up with con¬ 
siderably less iron in it. This core was tested without putting 
the regular winding in, but simply a potential coil, so we knew 
when we had the normal magnetic densities. We found a 
decided improvement in the loss, something like thirty or forty 
per cent. 

Then we started in to put in more and more iron, and got back 
to where we were in the first instance. In that particular case 
we came to the conclusion that we did not know how to insulate 
our laminations for that kind of work. We then started in to 
develop a better method of insulating. 
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Confining ourselves strictly to the iron losses, I am a great 
believer in the proper lamination of the poles where we build 
with open slots and hai’-e non-magneti_c retaining wedges. There, 
again, in my experience we have’had just as great surprises^ in the 
old days as in the case of this core that was put together with too 
great pressure for the insulation that was used. ^ There is always, 
in the case of revolving field alternators where it is necessary to 
look out for the safe mechanical structure, a temptation to use 
laminations in building up the poles that are too thick to give 
good results in the matter of the core losses. We have gotten 
in the way of using core loss constants with reference to ^the 
product of several factors, such as the thickness of the lamina¬ 
tions, the tooth frequency, the breadth of the slot and length of 

the air-gap. 

In speaking of iron losses, as confused with eddy current losses 
in the conductors themselves,—an interesting case, came under 
my observation in connection with a turbo-generator, of about 
15,000 kw. which had a current something like 900 to 1,000 
amperes, which we had to handle in a single circuit. The prob¬ 
lem first came up in connection with a 25-cycle generator which 
was developed with a certain conductor, that proved to be an 
excellent machine in all respects, having high efficiency and low 
heating, the temperatures being determined by temperature 
coils embedded in the heart of the slot. By a little slip, oi a 
little forgetfulness, you may say, the same conductor was put 
into a machine of practically the same capacity, but 60-cycles, 
where there were just three or four factors differing eiiough^ to 
* make that second machine an impossible one as far as meeting 
the temperature guarantees were concerned. The conductor 
was laminated, with every strand insulated throughout the entire 
length. The winding consisted of two conductors per slot with 
connection clips at both ends, which solidified or short-circuited 
all the strands of the conductor. In the case of the 25-cycle 
machine, the core was relatively short and the p)ole pitch large. 
The length of the core represented the e. m. f.^ or one factor in 
determining how much current was circulating between the 
top and the bottom of that conductor, while the total length of 
conductor represented the resistance or the other factor. The 
current in one case was two or three times that in the other, 
and the eddy losses were several times, six or seven times as high 
in one machine as in the other per unit length of conductor. 
The consequence was in the first machine they amounted to a 
reasonable percentage of the legitimate PR loss, say 20^ or 30 
per cent, and in the other case they were so large as to raise the 
temperature to.a dangerous point. A change had to be made in 
that 60-cycle machine. The 25-cycle machine is still operating,— 
a number of them,— with very conservative teinperatures. 
That was simply an instance of oversight in designing. 

Joseph L. Burnham: As Mr. Lamme has stated the ^‘treat¬ 
ment of core losses is qualitative rather than quantitative and it 
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deals with the simpler phenomena only,” although these phe¬ 
nomena are of major importance. The value of the paper seems 
to me not to be so much in the methods of calculation developed 
as in calling attention to the conditions to be avoided. The 
calculations are rather complicated for practical work and depend 
too much upon known characteristics of the material (which can¬ 
not be depended on) and also upon experience which can only be 
obtained from the results of many tOwSts. 

The previous speakers have mentioned the advantages to be 
obtained from the use of compensating windings but have not 
mentioned that there are other sources of loss induced by these 
windings which are very similar to the losses caused by variations 
in flux density as described by Mr. Lamme and represented in 
his Fig. 2. By the multiplication of the compensating v/indings 
made necessary in modern machines of high armature reaction, 
the space in the pole face becomes crowded so that care must be 
taken that local densities are not high thus causing unequal flux 
distributions. Furthermore, the opposing magnetization of the 
compensating windings and the armature conductors tends to set 
up a flux around the periphery of the armature, so that, to avoid 
the bunching of this flux at the pole tips, the reluctance of this 
path should be made high. If the compensating conductors are 
not placed quite close to the surface of the pole face, there should . 
be narrow slots in the pole face between the compensating con¬ 
ductors and the pole face parallel to the conductors to increase 
the reluctance around the periphery of the pole face. 

L. T. Robinson: I will add one word to cover the point that ^ 
Mr. Hobart brought out. I think there may be a little doubt 
in the minds of some of you as to the difficulties of making iron 
loss tests agree with the losses computed from determinations 
made on rings or other samples. I do not think there is any 
difficulty in arriving at an answer, which is as correct as you 
can arrive at anything where the material itself is subject to so 
much variaiion. 

You cannot, certainly, predetermine the core losses closer than 
you can know the properties of the material which you are 
going to use, and you do not know that very closely. That must 
be assumed. In cases where it has been possible to know exactly 
what the material is, it has been possible to get very close. I 
am sure you could get similar results in other cases, if you knew 
where the flux went and how much of it went in certain places. 
As bearing on that point, I notice that certain figures for mag¬ 
netic flux density have been referred to as 180,000 lines {B = 
28,000). This estimate is much higher than I believe it should 
be. The assumption is no doubt made that whatever flux goes 
through the armature is bound to go through the teeth. Under 
the conditions of use the permeability oFthese teeth is very low, 
and no doubt a large percentage of the flux goes through the 
slots. 
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A. S. Langsdorf (by letter): The best determinations of pole 
face losses and of empirical formulas for their calculation have 
been made by operating a machine as a motor and subtracting 
from the input the sum of the other losses. It is well known 
that a method which involves the evaluation of a relatively 
small quantity by taking the difference between two relatively 
large quantities is liable to considerable percentage error even 
under the most favorable conditions; and in the case of such a 
determination of pole face loss the inaccuracy is still further 
enhanced by the fact that the sum of the “ other losses ” is 
difficult to determine because it includes such uncertain items as 
losses due to flux pulsation, brush contact, eddy currents in arma¬ 
ture conductors, and distortion of flux caused by armature 
reaction. 

Considerations of this kind led the writer to the conviction 
that a reliable determination of pole face loss could be made 
only by a radical departure from previous test methods and b}^ 
the development of apparatus that would permit the direct 
measurement of the pole face loss itself. To this end there has 


Exciting Coil 



Fig. 6 

been designed a special machine built along the lines of a homo- 
polar generator, as indicated in Fig. 6. The frame consists 
of an annealed steel casting of E section with an exciting coil 
wound on the central core. In the annular space between the 
central core and the overhanging outer ring (the pole face) 
there is centered an, unwound, laminated toothed core assembled 
on a cast iron spider carried by a shaft mounted in ball bearings. 
The toothed core is driven by an adjustable speed motor through 
a torsion dynamometer. The only losses that can occur in this 
machine are the pole face loss and the friction and windage loss; 
hysteresis is eliminated because of the fact that the core is 
traversed by a unidirectional, unvarying flux; eddy currents are 
eliminated provided the flux is uniformly distributed around the 
gap, a condition that is easy to obtain by accurate centering and 
which has been shown to exist by careful tests. Friction and 
windage at any speed can be entirely eliminated by taking as 
zero reading of the dynamometer that setting which corresponds 
to the condition of zero field excitation, hence the pole face loss 

can be read directly. . 

The apparatus readily lends itself to the following senes of 

tests: ' 
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L Dependence of the pole face loss upon average fhix de7isity 
in the air-gap. In this test the speed of the core is kept constant 
and the field excitation is varied, the value of the gap induction 
being determined by the reading of avoltineter connected through 
slip rings to a piece of insulated wire stretched across the tip 
of a tooth. 

2. Depende?ice of the pole face loss upon peripheral velocity 
of teeth. In this test the flux density in the gap is kept constant 
at some convenient value. 

3. Dependence of the pole face loss upon the slot opening. For 
this purpose two interchangeable cores have been provided, one 
having straight open slots, the other semi-closed slots. 

4. Dependence of the pole face loss upon length of air-gap. 
After completing series 1, 2 and 3, the pole face is to be bored out 
slightly and a new series taken, this process being repeated until 
the air-gap has been increased to a point where the pole face loss 
is negligible. 

5. Dependence of pole face loss upon material and construction 
of pole face. After the completion of the four series outlined 
above, the overhanging cast steel pole face will be cut away and 
in its place there will be successively inserted rings of cast iron, 
and laminated steel. 

Although the construction of this apparatus was undertaken 
some time ago, a long series of mechanical difficulties had to be 
overcome before the machine could be made to give dependable 
results. Work on series 1 and 2 is in progress at this writing. 
The results thus far obtained indicate that the pole face loss 
varies at a slightly greater rate than the second power of the gap 
induction, and very nearly as the 3/2 power of the peripheral 
velocity, in accordance with theory. The writer hopes to be 
able to present detailed reports at a later date. 

B. G. Lamme: Mr. Erben, in his discussion, has referred 
to certain pole shapes which reduce flux distortion with load and 
thus lessen or prevent iron losses due'to increase in load. How¬ 
ever, the arrangements which he has shown are not suitable for 
reversible operation, especially where there are liable to be ver}^ 
heavy loads with weak fields. For instance, take reversing mills 
working on' the variable voltage syvStem, where there are fre¬ 
quent excessively heavy currents at almost zero field fluxes. In 
such machines, as a rule, compensating windings are used to 
prevent flux distortion, primarily to avoid high voltages between 
commutator bars and to help commutation. Reduction in 
armature core loss is not a first consideration in such machines, 
but the compensating winding, of course, does reduce the loss 
somewhat. 

Referring next to the point which Mr. Hobart mentioned, 
namely, the desirability of admitting that we cannot calculate 
certain things in electrical apparatus, with any great accuracy; 
I have always been a believer in the doctrine that if there are 
limitations to our doing a certain thing, it is much better to 
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recognize such limitations and admit them, and in that way more 
progress will be made. If we cannot calculate all the losses in 
a machine with any great accuracy, it is better to analyze thein, 
as far as possible, and find where and why accuracy is not practi¬ 
cable. We should recognize what we cannot do and what the 
real limitations are and we are then in a much safer position than 
if we go ahead blindly. For many years the Standardization 
Rules of the American Institute of Electrical Engineers were 
very apt to mislead the public. For instance, in the problems 
of temperature measurements, practically everybody outside of 
the manufacturing companies thought that accurate tempera¬ 
ture determination was a practical condition. One of the great 
things we did in the last revision of these Standardization Rules, 
was to show the possibilities of inaccuracy in temperature deter¬ 
mination. We openly admitted that temperature measurements 
as carried out practically, were only approximations, and,^ in 
my opinion, in taking this stand we really took a long step for¬ 
ward in the art. The same holds true in regard to efficiency. If 
we know that we cannot measure it exactly and will tell why we 
cannot do so, then by so much we advance the art.^ The same 
holds true with core losses. However, there is this difference 
between core loss determination and the other instances just 
cited, namely, core losses can be predetermined with very con¬ 
siderable accuracy, by what may be considered as empirical 
methods. These calculations, however, may be considered 
more in the nature of estimates than true calculations. 

The point which I wish to bring out in particular is, that if 
we know wherein inaccuracies are liable to occur in our calcu¬ 
lations, and also know how much the errors are liable to be, in 
new classes of work in particular, then we are in a position to 
allow sufficient margin of safety.^ The^ difference between 
experience and inexperience in a designer, is often indicated b}^ 
this margin of safety. 
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THE INFLUENCE OF FREQUENCY OF ALTERNATING 
OR INFREQUENTLY REVERSED CURRENT ON 
ELECTROLYTIC CORROSION 


BY BURTON MCCOLLUM AND G. H. AHLBORN 


Abstract of Paper 

This paper describes experimental work done to^ determine 
the co-efficient of corrosion of iron and lead in soil with varying 
frequencies of alternating or reversed current with 60 cycles per 
second as the highest frequency and a two-week period as lowe^— 
some d-c. tests being made as a check on the methods. The 
results show (1), that a decrease of corrosion occurs with an in¬ 
crease in frequency; (2), that the corrosion is practically negligible 
below a five- minute period; (3), that there is, a limiting frequency 
above which practically no corrosion occurs; (4), that certain 
chemicals affect the natural and electrolytic corrosion of the two 
metals quite differently; (5), that the loss of lead in soil on 
direct current is about 25 per cent of the theoretical loss; and (o;, 
that alternating or reversed current with as long periods a^ a day 
or a week would in the case of iron materially reduce the damage 

to underground .structures. ’ r r ^ 4 . 1 , 4 . 

The importance of these results grows out of the tact tnat 

there are large areas in practically every city in which the polarity 
of the underground pipes reverses with periods ranging from a 
few seconds to an hour or more due to the shifting of railway 
loads. The investigation shows that the corrosion under such 
conditions is much less than has generally been supposed. 


I. INTRODUCTION 

T he terms “electrolytic corrosion’' and “electrolysis” 
have been used to designate corrosion caused by the dis¬ 
charge of electric currents which entered the metal from out¬ 
side sources. In this paper the term a-c. electrolysis applies 
not only to electrolysis from ordinary alternating currents of 
commercial frequencies, but also to alternating currents of 
much longer periods, such as several minutes or even a day 
or longer. Alternating currents of such long periods are very 
common on portions of underground pipe systems of prac¬ 
tically every city due to the continual shifting of railway loads 
which causes the pipes within a large area, commonly called 
the neutral zone, to continually change their polarity with 
respect to the earth. In this paper the term “coefficient of 
corrosion” is frequently used in connection with the corrosion 



302 McCollum AND AHLBORN [March 10 

of an anode. This factor is the ratio of the actual corrosion 
observed to that which would have occurred if all of the elec¬ 
trode reactions determined by .Faraday’s law had been in¬ 
volved solely in corroding the anode. Thus if the theoretical 
corrosion in any case was 100 grams and the observed cor¬ 
rosion 46 grams, the ^^coefficient of corrosion” would be 0.46. 
This is sometimes called “efficiency of corrosion.” 

Importance and Scope of the Present Investigation 

Since most of the electrolysis which occurs is due to stray 
currents from electric railways, and since only a small per¬ 
centage of these operate with alternating current, it might 
seem at first thought that a-c. electrolysis is of rather infre¬ 
quent occurrence, and that the problems connected with it 
do not deserve much attention. However, in addition to the 
railways which use alternating or reverse currents as motive 
power, such currents often result as an incident of railway 
operation. These occur not only in the ordinary negative 
systems of railways as mentioned above, as the trolley load 
shifts from point to point on the track with the movement of 
the cars, but they occur to a greater extent and in a much larger 
territory in the case of negative return systems in which in¬ 
sulated negative feeders are used. In such systems the poten¬ 
tial differences between pipes and tracks can be greatly reduced, 
but this is accompanied by a large increase in the area of the 
so-called neutral zone in which the polarity of the pipes is 
continually changing from positive to negative. With certain 
types of three-wire systems which are now being seriously con¬ 
sidered in some places for the prevention of electrolysis, there 
will be large areas in which the polarity of the pipes will fluct¬ 
uate between small positive and negative values. It has also 
been proposed that with the usual type of return that th^ trolley 
be made alternately positive and negative on succeeding days 
or weeks. All of these methods would have the effect of re¬ 
versing the current flow on underground structures, and the 
period of the cycle would vary from a few seconds to a day 
or longer. Moreover, the frequent grounding of 60-cycle light¬ 
ing circuits permits a certain amount of leakage from those 
systems, and the corrosion produced, especially in case of ac¬ 
cidental grounds on other parts of the system, would be of 
considerable importance if alternating current gave rise to seri¬ 
ous corrosion. It is therefore of great practical importance 
to determine the extent to which periodically reversed currents 
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of these long periods will produce corrosion on subsurface 
metallic structures. 

Work of Previous Investigators 
A number of writers have advanced theories concerning 
laws governing a-c. electrolysis and a considerable amount of 
eTperime..,.! work has been done «th frequencies of 25 to 
60 cycles. One writer, discussing. the phenomenon from the 
standpoint of the decomposition of the electrolyte,^ arrives at 
certain conclusions: (1), That the quantity of electrolyte de¬ 
composed by alternating current is less than by direct current, 

(2) , that it is proportional to the electrode current density, 

(3) , that there is a limiting electrode current density below 
which no decomposition of the electrolyte occurs; (4), that the 
quantity decreases with an increase in the frequency of al¬ 
ternations, and that there is a limiting rapidity of alternation 
above which there is no decomposition. Conclusions 

and (4) seem borne out by the experimental work described 

loiter 

With reference to the dynamic characteristics^ of electrolytic 
cells, several writers have determined by experimental work,- 
chiefiy with the oscillograph, that such cells affect _ the_ wave 
form. As one writer states, the chemical polariza,tion in the 
. ceil causes it to behave as a variable condenser with a resist- 

ance in parallel and in series. ^ ^ 

With a very special set of conditions one experimenter has 

noted an amount of corrosion of the electrodes varying from 
zero to 35 per cent, with 60-cycle current, and he arrives at 
the conclusion' that the corrosion is practically independent 
of the current density of the electrodes and temperature; and 
also that stirring of the solution has no effect. He states that 
the corrosion does depend on the condition of the electro e 
surface but does not attempt to state the principle of this 

variation. ___-__-_^-T” 

1. Dr. Guglielmo Mengarini, Electrical World, Vol. 18, No. 6, p. 96., 

2. Rttchitistein, D. Electrolysis with Alternating Current. Dyiiamic 

Characteristic of an Electrolytic Cell. Zeitschrift jiir Electrochem^e 
December 1, 1909; LeBlanc, M. The e.m.fs. of Polarization and their 
Measurement by the Oscillograph. Deut. Bunsen ese sc a . ' 

Alternating Current Electrolysis Use of Oscillograph in Connection with 

Polarization. ZeilsokrUt fur Electrochemie 11, 701, IWS- ^ 

3. White, G. R., Alternating, Current Electrolysis with Cadmium 
Electrodes. 
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Experiments of more practical importance to the engineering 
world were conducted in 1905.^ Twenty-five-cycle current 
was impressed on iron and lead pipes buried in soil and it was 
found that the corrosion was practically the same as that due 
to the soil alone. No figures of exact losses are given. Al¬ 
ternating current of 25-cycle frequency was impressed on lead 
and iron plates in salt solution and direct current was impressed 
on other plates in a similar electrolyte and it was found that 
the loss was negligible for the alternating current and very 
large for the direct current. 

Only a year or so later a large number of tests were conducted 
with 25-cyclej GO-cycle, and direct current on iron and lead 
plates.^ The conditions were varied by using different soils, 
salts added to soils, varying the temperature and current den¬ 
sity. The results show that although there is quite a large 
variation in the loss with different specimens and that the 25- 
cycle losses are uniformly greater than the 60-cycle; these losses 
never exceed one per cent under normal temperature con¬ 
ditions. The writer notes that some salts, for example, car¬ 
bonates and alkaline compounds, reduce the electrolytic cor¬ 
rosion of lead plates. He found that an increase of tempera¬ 
ture to 40 deg. cent, increases the corrosion to about one per 
cent. His final conclusions are that a-c. electrolysis is more 
irregular than d-c. electrolysis, that nitrates increase corrosion 
and carbonates generally decrease it, but that the effect is not 
great enough to be of practical use for protecting lead cables; 
that lead is more readily attacked than iron; that the current 
density does not appreciably affect corrosion except indirectly 
by increase of temperature; and that the corrosion increases 
with a decrease in frequency. He attempts to protect lead 
specimens by making them negative either by connecting them 
to a zinc plate or with a small direct current, and finds that the 
loss is considerably less than wdth the alternating current alone. 
He finds that a current of one per cent of the value of the al¬ 
ternating current is sufficient to give practically complete pro¬ 
tection, the coiTosion in some instances being less than that 
due to natural corrosion alone. It will be noted in the above 
experimental work that the dif ferent variables employed, such 

4. iCintner, S. M., Alternating Current Electrolysis, Electric JouyuciI^ 
Vol. 2. p. 668, 1905. 

5. Hayden, J. L. R., Alternating Current Electrolysis, Trans. 
A. 1. E. E., Vol, XXVI, Part I, p. 201. 
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as current density, chemicals, temperature, etc., do change 
the action of alternating current, but that in practically no 
case did the losses exceed one per cent. When we consider 
the large variation of the electrochemical loss produced by 
direct current under identical conditions, it is evident that 
differences obtained between 25- and 60-cycle current are prac¬ 
tically negligible. 

Purpose of this Paper 

The data discussed in this paper were obtained as a part 
of the general investigation of electrolysis conducted by the 
Bureau of Standards. Its object is not to determine the laws 
which govern electrolytic corrosion at any one. frequency, but 
to take a standard set of conditions approaching as nearly as 
possible those existing in practise, that is, wrought iron pipes 
and lead sheaths^ imbedded in soil and to determine the corro¬ 
sion which will occur in the range of frequencies mentioned 
above, namely, for frequencies ranging from 60 cycles per 
second to a week or more per cycle. These data will be of 
material assistance in determining the effectiveness of many 
of the proposed systems of electrolysis mitigation. 

II. DISCUSSION 

Preliminary Experiments on Effect of Circulation of 

Electrolyte 

Before beginning the more complete series of tests to de¬ 
termine the effect of change in frequency, a number of pre¬ 
liminary experiments _ were carried out in order to throw light 
on certain theoretical aspects of the question under consider¬ 
ation. Theoretical considerations led to the belief that the 
corrosion of frequently reversed currents would be materially 
increased by rapid circulation of the electrolyte and dimin¬ 
ished by conditions which tended to restrict such circulation. 
If this were true it was reasoned that in the case of metals 
buried in soils, in which the circulation of electrol^^te is greatly 
restricted, relatively little corrosion would occur even with 
periodically reversed currents of long period. Accordingly, a 
number of experiments were carried out to determine the 
effect of circulation of the electrolyte on the coefficient of 
corrosion. 

A set of four cells with wrought iron electrodes and a one 
per cent NaCl solution as the electrolyte were connected in 
series on 60-cycle current. The electrolyte in cell No. 1 (see 
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Fig. 1) was stirred by a small turbine and in No. 2 the elec¬ 
trolyte was undisturbed; in No. 3 the electrodes were wrapped 
with filter paper; and in No, 4 the electrolyte was pre¬ 
vented from mechanical circulation by gelatin. Iron elec¬ 
trodes which were carefully weighed were connected in 
the circuits and the current was maintained at about a 



Fig. 1—Arrangement of Four Cells 

half ampere for nearly 200 hours. At the end of the run the 
electrodes were again weighed and the loss determined by 
difference from the initial weight. Based on the theoretical 
loss, which would have been about 100 grams, the coefficients 
of corrosion (see Table I) are 0.0034 for the stirred electrolyte; 



0.002 in the stationary solution; 0.0009 when protected by 
filter paper; 0.0007 in the gelatin. It seems evident that the 
chemical action is not as reversible when the electrolyte is 
in motion about the electrodes as when stationary. In order 
to determine this effect more exactly a single cell was con- 
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nected as shown in Fig. 2. Here there were two electrodes 
with no current impressed to determine the natural corrosion 
and two serving as current electrodes. One of these was in 
the electrolyte stirred by the turbine and the other was wrapped 
in filter paper and buried in sand saturated with the solution. 
After correcting for the natural corrosion it was found that the 

TABLE I. 

EFFECTS DUE TO VARIATIONS IN THE CIRCULATION OF THE 

ELECTROLYTE 


60--Cycle Current 
Wrought Iron Electrodes 
1 per cent NaCl Solution Electrolyte 


State 

of 

electrolyte 

Total 

corrosion 

grams 

Current 

ampere-hours 

Coefficient 

of 

corrosion 

Stirred.. 

0.344 

96 

0.0034 

Stationary. 

0.202 

96 

0.0020 

Filter naner. senaration.. 

0.088 

96 

0.0009 

Gelatin. 

0.074 

® 96 

0.0007 

Stirred..... 

0.065 

160 

0.0004 

Sand saturated. 

0.016 

160 

0.0001 






TABLE II. 

EFFECTS DUE TO VARIATIONS IN THE CIRCULATION OF THE 

ELECTROLYTE 


20-Cycle Current 
Wrought Iron Electrodes 
1 per cent NaCl Solution Electrolyte. 


State 

of 

electrolyte 

Total 

corrosion 

grams 

Current 
amp er e-hours 

Coefficient 

of 

corrosion 

S+.irTfid.. 

0.079 

0.009 

144.4 

144.4 

0.0005 

0.00006 

Sand, saturated... 



coefficient of corrosion was 0.0004 for the upper electrode and 
0.0001 for the lower. The results are shown in Table I. The 
same type of cell was operated on 20-cycle alternating current 
with the losses as shown in Table II. It will be noted that the 
loss values are almost exactly the same as those on 60 cycles 
under the same conditions and in every case are considerably 
less than 0.005. The same type of cell was placed in a d-c. 
circuit which was reversed every 24 hours. As might be ex- 













308 McCOLLUM AND AHLBORN [March 10 

pected, the losses were very much greater, as shown by Table 
III; although the number of ampere-hours was considerably 
less than that used in the previous experiments. The elec¬ 
trode surrounded by the moving solution had a loss corres¬ 
ponding to a coefficient of corrosion of 0.45, while the other 
gave 0.32, the. difference due to stirring thus being even more 
evident on the slow reversals than on the high frequencies. 
If only the current discharged by each electrode as anode 
were considered, the coefficient of corrosion in the stirred 
solution was 0.90, and that in the confined electrolyte was 64 
per cent. 

TABLE III. 

EFFECTS DUE, TO VARIATION IN THE CIRCULATION OF THE 

ELECTROLYTE. 

24-Hour Reversals 

Wrought Iron—Electrodes 

1 per cent NaCl Solution Electrolyte. 


state 

of 

electrolyte 

Electrolytic 

corrosion 

grams 

9 

Current 

ampere-hours 

Coefficient 

of 

corrosion 

Stirred.. 

45.45 

97.1 

0.45 

Sand, saturated... 

32.45 

97.1 

0.32 



The foregoing results show that the free circulation of the elec¬ 
trolyte has a pronounced effect on the coefficient of corrosion, and 
that this effect is greater the lower the frequency of alternation 
of the current. They show that the low corrosion■ coefficient 
on alternating current is not determined solely by the speed 
of the reactions and the frequency of alternations. A more 
probable explanation is that the corrosion during any half 
cycle in which the electrode is anode takes place in accordance 
with Faraday’s law, as in the case of direct current, but that 
during the succeeding half-cycle when the electrode is cathode 
a large part of the corroded metal is electroplated back on the 
electrode. The increased corrosion due to circulation of the 
electrolyte would be expected ^ under this theory, since the 
convection currents in the liquid would carry away from the 
electrode surface a part of the metal that has been corroded 
during the half of the cycle when the electrode is anode, thus 
preventing as complete a redeposition during the succeeding 
half-cycle as would otherwise occur. In particular these con¬ 
vection currents in the electrolyte would bring into contact 
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with the metallic ions, oxygen or other chemicals which would 
tend to form insoluble compounds, thus rendering the corrosive 
process irreversible. 

Accepting the above theory, we would expect that in the case 
of iron or lead buried in soils, in which circulation of the elec¬ 
trolyte is greatly restricted, the corrosive process would be 
in large degree reversible even with much longer periods of 
reversal than in the case of liquid electrolytes, and it seemed 
possible that this condition might prevail even where the period 
of the cycle is several minutes or longer, as in the case of the 
polarity of buried pipes in many localities as mentioned above. 
This was found to be actually the case, as the following des¬ 
cribed experiments show. 

Complete Series of Tests 

({Z-) A-TTCiTigefyicfits. "With the results of the above experi¬ 
ments in view a more complete series of tests was planned. 

Since there is considerable varia¬ 
tion among individual specimens, 
it was recognized that quite a 
number of specimens under each 
frequency would be necessary in 
order to get a fair average. The 
specimens were arranged in cells 
having two current-carrying elec¬ 
trodes and one specimen subjected 
only to soil corrosion, this speci¬ 
men being protected from the flow 
of current by a glass cyclinder as 
shown in Fig. 3. In a few cases 
the effect of adding sodium car¬ 
bonate to the soil was studied. 
For convenience the greater part 
of the tests were made in jars in the laboratory, but a number 
were made in specimens buried in soil out of doors in order to 
check the results obtained in the laboratory. The agreement 
between the results under the two conditions was found to be 
satisfactory. The entire series is outlined in Table IV. 

{h) Electrolyte. In determining the coefficient of corrosion 
with different frequencies of current reversal it is desirable 
to simulate operating conditions as nearly as is feasible in a 
complete and general test. For this reason soil was selected 
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as the electrolytic meditim rather than water which contains 
the soluble constituents found to exist in soil by chemical 
analysis. Conditions of circulation of the electrolyte and the 
electrolytic transfer in it are very different than in soil. The 
soil used was natural soil near the Bureau of Standards a 
light clay having a resistance of 8000 ohms per centimeter cube 
at approximate saturation. It will support a good vegetable 
growth and is a fairly normal soil. Soil from the same locality 

TABLE IV. 

■ SUMMARY OF TESTS, 
a. Dimensions of Electrodes. 

Electrodes Indoor Outdoor 

Iron. 5 X 5 X 0.5 cm...20 x 20 x 0.2 cm. 

Lead.".5 x 5 x 0.2 cm.15 x 15 x 0.4 cm. 


b. Frequencies Used and Number of Specimens Used for both Iron and-Lead. 


Frequency 

of 

reversal 

Number of specimens 

Outdoor Tests 

Indoor 

Natural 

Soil 

Soil with 
Na 2 C 03 

60 cycles per sec. 

18 

18 

3 large 

'-1. 

15 cycles per sec. 

18 



' Iron only. 

1-sec. cycle. ... 

18 

18 

3 « J 


6-sec. cycle... 

18 




1-miii. cycle... 

18 




6-min. cycle. 

18 




10-min. cycle. 

18 

18 



l-hr. cycle.. 

18 




2-day cycle. 

18 




2-week cycle. 

18 

18 



Direct current. 

18 

18 

3 


Totals. 

198 

90 

9 large 


Grand total for iron 297 


“ “ " lead.291 

“ “ all tests. .... 688 

was used in the experiments described in a previous Bureau 
of Standards report® and a coefficient of corrosion of 100 ob¬ 
tained on iron at a definite current density. 

(r) Conditions of the Tests. Some of the tests were run in 
the soil out of doors with natural drainage and aeration. Al¬ 
though it was considered very desirable to make a number 
of such tests, to run a complete series in outside soil would 

6. McCollum and Logan; Technologic Paper No. 25. Electrolytic 
Corrosion of Iron in Soils. 
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have been very diffictilt on account of interference by weather, 
difficulty of getting electrical connections to many electiolytic 
cells, and especially the insulating of the various sets from 
each other, which would be necessary in order to deteimine 
the current actually entering or leaving each specimen. The 
cells used in the inside laboratory tests were 1-gal. (3.8-liter) 
earthenware jars filled with soil to about 3 cm. from the top 
(about 3 kg.) kept practically saturated by adding a quantity 
of distilled water every day. The tops were left open that 
evaporation and aeration might go on in a normal way. 

(d) Chemicals. Since some soils vary widely in chemical 
constituents and these may have a pronounced effect on the 
rate of corrosion, it seems desirable to vary those constituents 
in the soil which may be expected to affect the corrosion. As 
indicated by preliminary tests, sodium carbonate (Na 2 C 03 ) 
has a very considerable effect on the electrol^^tic corrosion of 
both iron and lead*, moreover sodium is a common element in 
soil, as are carbonates; and this combination is quite soluble, 
which makes it a satisfactory compound to use in the soil, 
0.5 per cent being added to certain cells, as shown in Table IV. 

(e) Electfodes. Since iron and lead are the two metals com¬ 
monly serving as underground electrical conductors exposed 
to soil they were selected as the materials for specimens in 
these tests. The above mentioned report shows that the 
corrosion of different kinds of iron* does not differ by large 
percentages under the conditions of these tests, and since 
‘‘American iron,’’ which is Bessemer process steel, is obtain¬ 
able in convenient form it was adopted. This material was 
fine-grained and quite pure, having about one-tenth per cent 
carbon and no slag. The lead was commercially pure and 
on analysis was found to contain traces of tin or antimony. 
Indoor specimens were 5 by 5 cm. square, the iron being about 
0.5 cm. thick and the lead 0.2 cm. thick. Phe outdoor iron 
specimens were 20 cm. square and about 0.2 cm. thick. 

The mill scale and oxide left on the materials in the process 
of manufacture were not removed, since it was felt that with 
alternating current the surface might affect the corrosion con¬ 
siderably more than with direct current. The leading-in wire 
was soldered to a corner of each specimen and a number stamped 
on the same corner. It was then weighed and a glass tube 
put over the lead and the tube was then sealed with pitch 
and the lead attachment and number covered with the same 
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material. This type of connection failed in very few instances 
due to corrosion and the tube and pitch were easily removed with 
toluol before the specimen was reweighed. 

(/) Frequency. In determining the frequency of reversal of 
current two things must be considered: first, the frequencies 
found in practise; and second, the completeness of the series 
so that a suitable curve could be obtained showing the rela¬ 
tion between the corrosion coefficients and the frequency of 
reversal of current. The standard lighting frequency, 60 
cycles is available, and 15 cycles adopted as about the lowest 
frequency proposed for power work. To obtain the slow 
reversals a reversing commutator machine was built which is 
described in detail later. It gave periods of one second, 6 
seconds, 1 minute, 5 minutes, 10 minutes, and 1 hour. The 
short periods of reversal were adopted because reversals of 
polarity of such frequencies commonly occur in the usual 
operation of a street railway system as pointed out above. 
Daily and weekly reversals and d-c. tests were also made. 
The d-c. specimens serve as a check on the theoretical coef¬ 
ficient of corrosion. 

(g) Current Density. The current density flowing to or from 
the plates was intended to be such as to produce approximately 
100 as the coefficient of corrosion with d-c. electrolysis. This 
is shown in Technologic Paper No. 25 of the Bureau of Stand¬ 
ards above referred to, to be about 0.5 milliampere per sq. 
cm. for iron and approximately this value was used on both 
the indoor and outdoor specimens. 

Qi) Length of Run. The tests were contined until enough 
effect was produced to permit of accurate determination of 
the differences in weight of the specimens before and after 
test. It was also intended that one of the tests should be 
continued until a state of equilibrium was reached in the cell; 
that is, until the rate of corrosion was not changing rapidly 
as might be the case during the first few cycles of current. 
Moreover, the cells should not be run to an exhaustion of the 
soluble chemicals, their concentration being probably closely 
related to the amount and rate of corrosion occurring on the 
electrodes. Since the current density is the same in all cases, 
this rate will depend on the frequency of reversal, and since 
the coefficient of corrosion is less on the higher frequencies 
these must run fully as long as the lower frequencies in order 
to obtain sufficient weight differences. A period of 15 to 20 
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days h.as been found to produce sufficient differences in weiglit, 
and no indication that the composition of the soil, except that 
very close to the electrodes, had been changed decidedly. 

(i) Accidental Variables. Other possible variables that re¬ 
ceived attention during the experiments were maintained as 
nearly constant as possible. The temperature did not vary 
widely from 20 deg. cent, there being very little heating by 
the current at the voltage and current density used. The depth 
was maintained about 10 cm. below the surface in the indoor 
tests and about 40 cm. in those outside the laboratory. 

O') Cleaning Electrodes. After each run was completed it 
was necessary to remove the end products of the corrosion 
process, and since they adhered firmly in some cases special 
methods were necessary. Iron specimens were cleaned by mak¬ 
ing them cathode on a ten volt circuit in a two per cent sul¬ 
phuric acid solution, as described in Technologic Paper No. 25 
of the Bureau of Standards. This was found to be very effec¬ 
tive and did not attack the iron enough to show on the balances 
used. The lead specimens were cleaned by immersing them 
in a solution containing 5 per cent oxalic acid and 1^ per cent 
of nitric acid. The corrosion products became lead oxalate— 
a white flocculent substance which was easily removed by 
brushing. It was found in some cases where the amount of 
corrosion was large and adhered very firmly that this process 
was very slow and did not remove the corroded products en¬ 
tirely. Unoxidized specimens weighed before and after im¬ 
mersion in this lead cleaning solution were found to have 
lost less than 5 milligrams, the limit of the balances used. 


Eouipment 

(a) Current Sources. Sixty-cycle current was obtained from 
the city power mains, while the 15-cycle current came from a 
small inverted synchronous converter. Transformers were used 
in both circuits to raise the voltage so that a number of cells 
could be operated in series and so that the primary side would 
be clear of ground. For the slower reversals of current on 
the indoor tests power was obtained from the regular three- 
wire lighting busbar and commutated by the machine des¬ 
cribed below. For the outdoor tests for slower reversals and 
for direct current a small motor-generator set was used. A 
no-current indicator was used on the a-c. circuits while a re¬ 
corder showed what had occurred on the d-c. circuit and those 
of long period at all times. 
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{h) Commutating Machine. The commutating machine through 
which the intermediate frequencies were obtained consisted 
of a series of six commutators each having four brushes and 
two equal semi-circular commutator segments, giving two 
complete cycles per revolution, driven by gears having such 
ratios that with the first or highest speed commutator rotating 
once in two seconds the succeeding commutators made com¬ 
plete current cycles in six seconds, one minute, five minutes, 
ten minutes, and one hour. This machine was driven by a 
constant speed motor. 

{c) Resistance. In order to obtain the correct current density 
discharged from the electrodes the resistance of the circuits 
had to be varied. This was done in part by placing cells in 
series in groups and paralleling these groups.* Rheostats or 
tungsten lamps were then used to get final adjustments, but 
no great effort was made to keep the current discharge at 
exactly 0.5 milliamperes per sq. cm., since a small variation 
in current density does not affect the rate of corrosion. Tung¬ 
sten lamps with their high positive temperature coefficient are 
very satisfactory for use in such circuits^ since within a certain 
range they tend to automatically maintain the current at a 
constant value. 

{d) Current Measurements. Observations of current were 
made every day, and more frequently when the current values 
were changing appreciably. A standard milliammeter having 
a resistance of 0.34 ohm was used for all frequencies above 
one second. For a-c. measurements, a thermo-ammeter con¬ 
sisting of a heating element, thermo-couple and millivoltmeter 
was used. The resistance of this meter amounted to about 
7 ohms, and was non-inductive. When this meter was in¬ 
troduced in circuits the effect on the current flow was negligible 
because of the high resistance of the circuits and it was very 
easy to correct for this small non-inductive resistance by in¬ 
serting an equal amount in each circuit when the meter was 
not in use. This meter was used to measure larger currents 
in the outdoor specimens by means of a shunt. A suitable 
ampere-hour meter was not available. 

Correction and Reduction Factors 

Since chemical corrosion, according to Faraday’s law, is 
proportional to the average current flowing, and-since all a-c. 
_ values as observed are effective values rather than average, 
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the current flow has been corrected by dividing the same by 
1.11, the ratio between effective and average values of sme- 
wave current. Since the current flowing with the longer time 
reversals is controlled by a commutating machine or switch 
the wave is flat-topped and no such correction is necessary. 
However, the current was off when controlled by the commu¬ 
tating machine, 6 or 7 per cent of the time and this correction 
was applied to all such values. In order to correct any error 
due to a possible difference in the length of succeeding half cycles, 
the connections to the commutator controlling each test were 
reversed at regular intervals, e.g., the one-second commutator 
was reversed through the 10-minute commutator and the one- 
hour one by a switch every 24 hours. In calculating the theo¬ 
retical amount of coiTOsion, the corrosion products of both iron 
and lead were taken to be divalent and the quantity corroded 
per ampere-hour is then 1.04 grams for iron and 3.86 grams 

for lead. 

Accuracy of Results 

The accuracy which can be obtained in corrosion experiments 
of this kind is limited by a number of factors; first, the con¬ 
sistency of the corrosion action itself, which it has been found 
may vary within wide limits under apparently similar con¬ 
ditions; and second, the limits of measurement. The electrical 
measurements are correct to about one per cent while the tme 
measurements are not in error more than a half per cent.^ The 
error due to weighing of single specimens was small, since it 
was carried to the fourth or fifth place, but in some cases the 
losses were small and this difference was correct to only the 
second or third place. This is true of practically all pilot 
specimens which were subjected only to natural corrosion. 
Therefore it is evident that the accuracy of the results is greater 
when the amount of corrosion is large. The combined accuracy 
of all measurements was much greater than the consistency 
to be expected in the corrosive processes. 

Description of Each Run 

The above description of the general condition of the tests 
is intended to apply to all the following data, and it will be 
necessary to describe each run only very briefly, deferring until 

later the presentation of the results. 

(a) Sixty-Cycle Tests. The 60-cycle tests were run with 

both iron and lead specimens on the indoor tests and iron for 
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the outdoor tests. Both natural soil and soil with 0.5 per 
cent sodium carbonate added were used for the indoor tests. 
It will be noted from the tables presented below that in this as 
well as in other runs the natural corrosion losses have been rather 
large on the iron pilot specimens. This is due to the fact that 
the mill scale was not removed from these specimens before 
the tests were started and that the cleaning process removed 
this scale as well as the oxide that was formed during the test. 
This rather obscures the comparative effect of natural soil 
and sodium carbonate, but it is still evident as in the earlier 
tests that the natural corrosion loss of iron is greater in natural 
soil while the electrolytic corrosion is greater in the chemical 
soil. In fact in almost every instance the natural loss was 
greater than the electrolytic loss in the natural soil, and in 
five of the twelve specimens also in the chemical soil. With 
the three large specimens used in the outdoor tests the natural 
loss was considerably less than the electrolytic loss, and the 
coefficient of corrosion is only slightly less than one per cent. 

(b) Fifteen-Cycle Tests, The 15-cycle tests were run with 
lead and iron in soil only, these cells being in series with about 
310 volts, giving about 25 volts per cell. In every case except 
four iron electrodes the electrolytic losses were all greater than 
the natural corrosion in the same cells. 

{c) One-Second Period. Iron and lead specimens in both 
normal soil and soil with sodium carbonate were used in the 
tests with one-second period, the cells being divided into four 
groups of three each in series. In two cases the iron electrodes 
lost more than the pilot specimens but on the average the losses 
were greater than in the preceding tests. Iron specimens were 
placed in outdoor soil for these tests, and in this instance the 
natural corrosion is unusually high because the specimens were 
left in the ground without current for a considerable time. 

(d) Six-Second Period. Normal soil alone was used in these 
tests, there being three groups of cells and four cells in each 
group. Approximately 12.5 volts existed across each cell in 
order to maintain the current at about 30 milliamperes or 
0.5 milliamperes per sq. cm. 

{e) One-Minute Period. In the one minute reversals iron 
and lead electrodes were used in natural soil connected in 
three groups of four cells each. Approximately nine volts 
were maintained across the cells containing the iron electrodes 
and 14 volts on the lead electrodes. In case of the iron elec- 
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since no* such ccnisistenc'y uii ilie jead si)eciinetis; and 

as the two sets were in serii’S, it tlieu.ic.ac not d,.ne to unbal¬ 


anced or unequal hall evi**‘‘^ 


(f) Ten-M'inute Period. Ihctli irc.»n and U*ad s|„)eciniens in 
natural soil and soil eontaininq scHlimn oarhonale were used 

in the ten-niinuie 


ti 




Tile cH.lls were divided 


in tee i. , , t 

four groups of six cu.-h. It wdl !«• noted thtil tiic corrosion 

of iron in natunil soil is licrc greater t’ntin in the elieinietil soil 

and the reverse is the ease with the Usid si.eeiinens. 

(s) Otu’-IIour Pcrml. < hily nut tiral soil wtis used in the onc- 

hotir reversals, al.ont Id volts being iniiiressed on eaeli pair 

of elcc'trc hI c's. 

(ft) Forh-Eigid-^lP^n^ Period. Natural soil ahsne was used 
in the daily rex'c'rsals (iK>“liotif |iviiotl,i with iiou a-ird li‘«.id c.*1ck.“ 
trodes, the enlirc,* set licdny in si*iie,s »>n 2-10 \ults. I hi‘ iion 
speciniens had a. voltaye ot alHuri. la volts cut isic*h, |caii a.nd ilic 
lead electrodes alsnit Id volts. In iln.* c'itse of tlu‘ iron speci¬ 
mens the odd and i:*'vc,‘n s|Hs.aininau or tliosi* aiiodi* iirsi or anode 
last in the test sliow no yi'cnt or voasisiviit diliiai‘nc..*i‘ a,s noted 
in the preliminary t.ests, ajid the h/ad spco.aiiu.*iis slawv an d|.)- 
posite effect from llial n<aic*d at. lh.ai tiuHa that, is, t.he eli.?c- 
trodes whicdi wt.*re anode c.lurin^e, t-bv iirst lialf*c.\vc*!c‘ Inixe lost 
more than tliose wliicli wcue ccuJiodi^ initiall). 

(i) ITf'Jcftl'V PeversiiLs. lioili natural sffi! .and. s<>i! 4,a.mia..inin|i[ 
sodium carbonate were* uscsl in the weekh^ rma’rsals (i-week 
period) and the entire was eoiineeic:‘d in sc‘ric.*s. c.>m24d volts. 
The voltaye across the iri..iti s|«.‘can'ic*n cells in the natura.l soil 
was about 15 volts |..ier cell and a.boni h volts in ld.te el’teinica,! 

«.. f___ 


soil. With tlic lead cdeciriniles tin* a\a.<raye volUiyc* wa.s less 
than 12 across each ecdl in tlic.* nai.ural at a! a.nd less than 4 in 

the chemical soil. 

(j) DirecPCurrent Tests. The doe i.caUs wcaa.* carried on 
iron and lead siJeeiniens 1 .h...41i imhiors ajid ouldc 
indoor 1;ests wiili soditnii (airbcina.te in tin* ^»oii tea wc,4l as nai.ural 
soil. The indoor cells W4'rc* i*t.inm.*e!.f‘4l in four yrcaips <4.. six 
each with 230 V(..4is irrif.u'essed on tlmni. The airi|)ere'4iours 

varied in the difTerc.’iii ytoii|r4 bami ei|.^lit- to t.welv^e. 
iron speciniens the* anode loHSi.o art:* larpry t.b«* i.*oc.4fieie 
corrosion beiiiK ap|"iroxiiTiaii* nnit.y, wliik* the ea:ilu..Hle si.^ecn 
mens lost less than the* pilot spcadnierrs evidcmtly bew.iuse <.>! 
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current. In the lead specimens, 
owever, the anode losses are far below what might be the- 

“ the natural 

P 1 ..+ ^ carbonate. This is due not so much to an increased 

n. J^Uol Xe .Ltr'n 

closelv^t current maintained more 

cirrfh “hhampere per sq. cm. These results, however, 

corroborate the work previously done. The outdoor tests were 

tiontr So"'' lead and iron with the large plates men- 

o n 1 li * • current is noted 

specimens. In the lead specimens twelve 

lead bir ""If’ being sections of 

d sheath cable, six of which contained about one per 

ent antimony whde the other six contained only traces of tin 

were usr°''^b T ff specimens of each composition 
, . • hese tests further corroborated the results of 

Sr:““wa^^^ coefficient of corrosion ofleadwith 


Discussion of Results 

mentionL'w summary of the results of the above 

ntioned tests are given below. These tables are arranged in 

bdow ^th thTr coefficient of corrosion 

coluL tt ! period of reversal in the first 

olumn, the average loss of six specimens in each of the three 

ardXX Tfk "'>'"'=ere<l electrodsa 

and the second the oven numbered electrodes and the third 

lotXdd X the e,fetr<155t 

XL andV''” “*» “h siath 

columns and the seventh column contains the average elec¬ 
trolytic loss of all electrodes. Below the frequency is repeated 
and the next column contains the average qnanLL of elec^ 

ing this" XL cT FoHow- 

The ooeXrof ‘„rolnXLdTXL°' 
elf^otrortitsc: c 7 corrosion of the odd electrodes and even 

fn onfhalf th coefficient of corrosion based 

and last that d that while each electrode was positive, 

last, that based on the average loss and the total current 
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through the cells. Since it is difficult to draw any conclusions 
from the electrode losses shown without also considering the 
ampere-hours, the coefficients of corrovsion will give us the best 

TABLE V 

SUMMARY OP ALTERNATING-CURRENT ELECTROLYSIS TESTS—1. 

Variable—Frequency of Reversal. 

Indoor Tests 
Iron Electrodes 
Soil Electrolyte. 



Total loss 

Electrolytic loss 


Odd 

Even 


Odd 

Even 


Period 

elec- 

elec- 

Pilot 

elec- 

elec- 

Average 


trodes 

trodes 


trodes 

trodes 



Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

60 cycle. 

1.480 

1.289 

1.645 

—0.165 

-0.356 

—0.261 

15 cycle........ 

1.036 

0.862 

0.834 

+0.202 

+0.028 

+0.115 

1 sec. 

1.064 

1.190 

0.640 

0.424 

0.550 

0.488 

6 sec... 

0.960 

1.046 

0.566 

0.394 

0.480 

0.437 

1 min. 

2.024 

2.077 

1.203 

0.821 

0.874 

0.848 

5 min. 

1.907 

1.398 

0.748 

1.159 

0.650 

0.904 

10 min. 

2.522 

2.252 

0.901 

1.621 

1.351 

1.486 

1 hour. 

3.134 

2.941 

1.165 

1.969 

1.776 

1.872 

2 days. 

5.490 

5.124 

1.130 

4.360 

3.994 

4.177 

2 weeks. 

8.349 

9.680 

1.387 

6.962 

8.293 

7.627 

D. C.. 

9.697 

0.139 

1.023 

8.674 


8.674 


Period 

Current 

discharge 

ampere-hrs. 


Coefficient of 

corrosion 


Odd 

elec¬ 

trodes 

Even 
^ elec¬ 
trodes 

Average 

1 

2 

current 

Average 

total 

current 

60 cycle. 

16.05 

—0.0198 

—0.043 

—0.031 

—0.0156 

15 cycle. 

13.32 

+0.0292 

+0.0004 

+0.016 

+0.008 

1 sec. 

17.99 

0.045 

0.059 

0.046 

0.023 

6 sec. 

16.83 

0.045 

0.055 

0.050 

0.025 

1 min. 

19.25 

0.082 

0.087 

0.084 

0.042 

5 min. 

19.99 

0.111 

0.063 

0.087 

0.043 

10 min.... 

16.48 

0.189 

0.158 

0.173 

0.087 

1 hour. 

18.40 

0.206 

0.186 

0.197 

0.098 

2 days. .. 

27.22 

0.308 

0.282 

0.295 

0.148 

2 weeks. 

23.17 

0.58 

0.69 

0.633 

0.316 

D. C... 

9.82 

0.85 



0.850 


idea of results, and these are shown in both the tables and 
curves. 

(a) Indoor Tests. Iron in Normal Soil. In Table V a sum¬ 
mary of the results obtained using iron electrodes in indoor 
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positive in the tests, lost considerably more than the even 
electrodes in both the two-day and two-weeks test. The other 
remarkable feature is the small coefficient of corrosion exhibited 
in the case of the d-c. test. Since in the first set weighed the 
losses were so small, (only 22 per cent of the theoretical) a 
second run was made and a coefficient of 0.25 obtained, prac- 


TABLE VI. 

SUMMARY OF ALTERNATING-CURRENT ELECTROLYSIS TESTS_II. 

Variable Frequency of Reversal. 

Indoor Tests 
Iron Electrodes 

Soil and Sodium Carbonate Electrolyte. 


Frequency 

of 

reversal 

Total loss 

Electrolytic loss 

Odd 

elec¬ 

trodes 

Even 

elec¬ 

trodes 

Pilot 

Odd 

elec¬ 

trodes 

Even 

elec¬ 

trodes 

Average 


Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

60 cycle.. 

1 sec.. 

10 min. 

2 weeks. 

D, C. 

1.390 

0.865 

1.617 

7.922 

10.423 

1.373 

1.146 

1.532 

9.081 

0.172 

1.199 

0.677 

0.835 

1.636 
0.819 

+0.191 

0.188 

0.782 

6.286 

9.604 

0.174 

0.469 

0.679 

7.451 

+0.182 

0.329 

0.739 

6.868 

9.604 

Frequency 

of 

reversal 

Current 

discharge 

ampere-hrs. 

Coefficient of corrosion 

Odd 

elec¬ 

trodes 

Even 

elec¬ 

trodes 

Average 

1 

2 

current 

Average 

total 

current 

60 cycle. 

1 sec. 

10 min. 

2 weeks. 

D. C....... .. 

16.05 

17.99 

16.48 

23.17 

9.82 

0.023 

0.020 

0.091 

0.52 

0.94 

0.021 

0.050 

0.081 

0.62 

0.022 

0.035 

0.086 

0.57 

0.011 

0.018 

0.043 

0.285 

0.94 


tically the same as before. This indicates that under the 
conditions of these tests and probably under most soil con¬ 
ditions the corrosion of lead is very considerably less than it • 
has been formerly considered to be. 

((i) IndooT Tests. Lco^d ElcctTodes “iTi Sodiuifi CcLfhofidtc* 
The losses of lead electrodes in sodium carbonate (Table VIII) 















Frequency 

of 

reversal 



60 cycle... 
15 cycle.. 

1 sec. 

6 sec. 

1 min,. . 
5 min.. . 
10 min.. . 

1 hr. 

2 days..., 
2 week.. . 

D. C. 

D. C. 


Total loss 

Electrolytic loss 

Odd 

Even 


Odd 

Even 


elec- 

elec- 

Pilot 

elec- 

elec- 

Average 

trodes 

trodes 


trodes 

trodes 


Grams 

Grams 

1 

i 

Grams 

Grams 

Grams 

Grams 

0.325 

0.328 

0.124 

+0.201 

+0.204 

0.202 

0.342 

0.332 

0.133 

0.209 

0.199 

0.204 

0.385 

0.354 

0.118 

0.267 

0.236 

0.252 

0.518 

0.528 

0.098 

0.420 

0.430 

0.425 

2.860 

2.845 

0.652 

2.208 

2.193 

2.200 

3.868 

3.634 

0.406 

3.462 

3.228 

3.345 

3.468 

3.738 

0.341 

3.127 

3.397 

3.262 

5.886 

5.771' 

0.901 

4.985 

4.870 

4.928 

8.719 

5.072 

■ 1.357 

7.362 

3.715 

5.538 

13.710 

7.789 

1.176 

12.634 

6.713 

9.674 

12.319 

0.327 

0.937 

11.382 


11.382 

13.574 

0.277 

0.882 

+2.692 


12.692 


Frequency 

of 

reversal 


60 cycle. 
15 cycle 
1 sec... 

5 sec... 

1 min. 

5 min. 
10 min. 

1 hour.. 

2 day... 
2 week.. 
D. C.... 
D. C.... 


Current 

discharge 

ampere-hrs. 


16.05 

13.32 

14.87 

16.83 

19.25 

19.99 

14.95 

18.40 
27.22 
23.17 

13.40 
12.93 


Odd 

elec¬ 

trodes 


0.0065 

0.0082 

0.0093 

0.0129 

0.059 

0.089 

0.108 

0.140 

0.140 

0.282 

0.220 

0.254 


Average 

Average 

1 

2 

total 

current 

current 


Coefficient of corrosion 


Even 
elec ■ 
trodes 


0.0066 

0.0077 

0.0082 

0.0132 

0.059 

0.085 

0.118 

0.137 

0.071 

0.150 


0.0065 

0.0080 

0.0088 

0.0131 

0.059 

0.086 

0.112 

0.139 

0.105 

0.216 


0.0033 

0.0040 

0.0044 

0.0065 

0.030 

0.043 

0.056 

0.069 

0.063 

0.108 

0,220 

0.254 
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are greater than in the normal soil, the difference being es¬ 
pecially noticeable in the longer reversals and in the d-c. 
tests. For example, in the weekly reversals, the loss in normal 
soil was 0.108 while in the sodium carbonate it was 0.172; the 
d-c. loss has risen from about 25 per cent to 34 per cent. 

TABLE VIII. 

SUMMARY OF ALTERNATING-CURRENT ELECTROLYSIS TESTS—IV. 

Variable—Frequency of Reversal 

Indoor Tests 
Lead Electrodes 

Soil and Sodium Carbonate Electrolyte. 



Total loss 

Electrolytic loss 

Frequency 







of 

Odd 

Even 


Odd 

Even 


reversal 

elec- 

elec- 

Pilot 

elec- 

elec- 

Average 


trodes 

trodes 


trodes 

trodes 


Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

60 cycle........ 

0.555 

0.542 

0.077 

0.478 

-1-0.465 

0.471 


1 sec. 

0.316 

0.630 

0.062 

0.254 

0.568 

0.411 

10 min. 

4.019 

3.844 

0.110 

3.909 

3.734 

3.822 

2 weeks. 

17.356 

13.487 

0.111 

17.245 

13.370 

15.307 

D. C. 

17.726 

0.428 

0.075 

17.651 


17.651 






Coefficient of corrosion 

Frequency 

Current 




\ 

of 

discharge 

Odd 

Even 

Average 

Average 

reversal 

ampere-hrs. 

elec- 

elec- 

1 

2 

total 



trodes 

trodes 

current 

current 

60 cycle. 

16.05 

0.0154 

0.0150 

0.0152 

0.0076 

1 sec.. 

14.87 

0.0088 

0.0198 

0.0143 

0.0071 

10 min. 

14.95 

0.135 

0.129 

0.132 

0.066 

2 weeks.. 

23.17 

0.386 

0.299 

0.344 

0.172 

D. C. 

13.4 

0.340 



0.340 


{e) Outdoor Tests. Iron and Lead Electrodes in Soil. The 
outdoor tests shown in Table IX are not extensive, but the 
cases given show reasonably good agreement with the indoor 
tests given above. The coefficient of corrosion at 60 cycles 
is slightly less than 0.01 for iron electrodes and the d-c. loss is 
0.70. Considering only the d-c. tests on iron, it was noted that 
as the voltage necessary to maintain the current at 0.5 milli- 
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ampere per cm. became greater the coefficient of corrosion 
decreased. For example, we find a coefficient of corrosion of 
0.96 for iron electrodes in sodium carbonate soil and 0.85 in 
normal soil on the indoor tests and only 0.70 for the outdoor 

tests and the potential has varied from about 10 volts on the 
first to 35 on the last test. 


TABLE IX. 

SUMMARY OP ALTERNATING-CURRENT ELECTROLYSIS TESTS_V 

Variable—Frequency of Reversal. 

Outdoor Tests 

Iron and Lead Electrodes 

Soil and Sodium Carbonate Electrolyte. 


Frequency 

of 

reversal 

Total loss 

Electrolytic loss 

Odd 

elec¬ 

trodes 

Even 

elec¬ 

trodes 

Pilot 

Odd 

elec¬ 

trodes 

Even 

elec¬ 

trodes 

Average 


Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

60 cycle.... 

1 sec. 

D. C...... 

D. C. 

- 

2.65 

9.06 

41.96 

871,86J 

2.60 

7.30 

1.73 

0.97 

5.94 

4.61 

6.216 

1.68 

3.12 

37.35 

865.645 

1.63 

1.36 

37.35 

1.65 Iron 

2.24 Iron 
37.35 Iron 

865.645 Lead 

Frequency 

of 

reversal 

Current 

discharge 

ampere-hrs. 

Coefficient of corrosion 

Odd 

elec¬ 

trodes 

Even 
elec- . 
trodes 

Average 

1 

2 

current 

Average 

total 

current 

60 cycle... 

I sec. 

D. C.... 

D. C.. 

1 

165.4 

102. 

51.6 

1034. 

■ 

0.0203 

0.05S9 

0.700 

0.217 

0,0197 

0.0256 

0.700 

0.217 

0.0192 

0.0431 

0.700 

0.217 

0.0096 Iron 
0.0215 Iron 

0.700 Iron 

0.217 Lead 


Curves 

The data shown in the above tables have been plotted ii 

ordmates are coefficients of Wio; 

the Tmi^h, abscissas are the logarithms o: 

e number of seconds required for one complete cycle. Fio- 

shows the data obtained with iron electrodes, these being based 

on the average electrode loss and the total current flowin- in 
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any one direction through the cells. The coefficient is there¬ 
fore based on the total current discharged by one electrode. 
It^ will be noted that the curve for the coefficient in natural 
soil is above that for soil containing sodium carbonate except 
the last point for direct current when the latter shows the 
greater loss. The values begin to rise quite rapidly at about 
the 10-minute cycle and reach a maximum in the d-c. test 
the value for which is placed arbitrarily as far as the time is 
concerned. It is very interesting to note that even in the 
case of a cycle of two weeks duration the coefficient of corrosion 

IS only about 0.6 and on a 2-day cycle only 0.3 of its value for 
direct current. 



Fig. 5 contains the same data on lead electrodes and here 
it is seen that the soil containing sodium carbonate produces 
a consistently higher coefficient of corrbsion than the natural 
soil, just the reverse of the condition with iron electrodes. 
The tendency to rise is noticed,at an earlier point or a higher 
frequency than with the iron, beginning with about the one- 
minute cycle, and at a cycle of two weeks duration the coef¬ 
ficient of corrosion has reached the same value as for direct 
current. 

Supplementary Tests 

Since ceitain authors have pointed out the fact that the 
wave form of alternating current is affected when passing 
through an electrolytic cell, and since a material change in 
such wave form would affect the current measurements, an 
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oscillograph was used to determine the wave form of current 
passing through the cell and its relation to the potential wave 
impressed on it. It was found that there was no appreciable 
distortion of the wave shape due to the presence of the cell. 

In order to determine the cycle of operation of the com¬ 
mutating machine exactly, the current wave was observed with 
the oscillograph. It is seen that on the one-second cycle, 
Fig. 6, the current increases slightly during about the first 
i second and falls during the remainder of the half-cycle. In 
the six-second cycle, Fig. 7, this rise and fall is seen and the 
fall continues for a considerable part of each half cycle, but 
the waves appear to be so nearly fiat top in both the 1-second 
cycle and the six-second cycle that no correction due to the 

variation between the average value and the effective value 
need be made. 



Fig. 6—Wave Shape for Slowly 
Reversed Current—One-Second 
Cycle 


Fig. 7—Wave Shape for Slowly 
Reversed Current—Six-Second 
Cycle 


III. CONCLUSIONS 

From the above results certain conclusions may be drawn 
concerning the corrosion of iron and lead electrodes under 
usual soil conditions when exposed to the action of periodically 
reversed current. 

1. The coirosion of both iron and lead electrodes decreases 
with increasing frequency of reversal of the current. 

2. The corrosion is practically negligible for both metals 

when the period of the cycle is not greater than about one 
minute. 

3. With iron .electrodes a limiting frequency is reached 
between 15 and 60 cycles per second, beyond which no appre¬ 
ciable corrosion occurs. No such limit was reached in the 

lead tests, although it may exist at a higher frequency than 
60 cycles. 

4. With periodically reversed currents, the addition of 
sodium carbonate to the soil reduces the loss in the case of iron 
and increases it in the case of lead. 

5. The coefficient of corrosion of lead, under the soil con¬ 
ditions described in the report^ when subjected to the action 
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of direct current was found to be only about 25 per cent of the 
theoretical value. 

6. The corrosion of lead reaches practically the maximum 
value with a frequency of reversal lying between one day and 
one week. 

7. The corrosion of iron does not reach a maximum value 
until the period of the cycle is considerably in excess of two 
weeks. 

8. The most important conclusion to be drawn from these 
investigations is that in the so-called neutral zone of street 
railway networks where the pipes continually reverse in po¬ 
larity, the damage is much less than would be expected from 
a consideration of the arithmetical average of the current 
discharged from the pipes into the earth. Where pipes are 
alternately positive and negative with periods not exceeding 
10 or 15 minutes, the algebraic sum of the current discharged 
is more nearly a correct index to the total damage that will 
result than any other figure that can readily be obtained. 

9. The reduction in corrosion due to periodically reversed 
.currents appears to be due to the fact that the corrosive pro¬ 
cess is in a large degree reversible; so that the metal corroded 
during the half cycle v^hen current is being discharged is in 
large measure redeposited during the succeeding half cycle 
when the current flows toward the metal. This redeposited 
metal may not be of much value mechanically, but it serves 
as an anode surface during the next succeeding half cycle, and 
thus protects the uncorroded metal beneath. 

10. The extent to which the corrosive process is reversible 
depends upon the freedom with which the electrolyte circulates, 
and particularly, on the freedom of access of such substances 
as oxygen or carbon dioxide, which may result in secondary 
reactions giving rise to insoluble precipitates of the corroded 
metal. It is largely for this reason that the corrosion becomes 
greater with a longer period of the cycle since the longer the 
period the greater will be the effect of these secondary re¬ 
actions. 
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Discussion on “The Influence of Frequency of Alter¬ 
nating OR Infrequently-Reversed Current on 
Electrolytic Corrosion” (McCollum-Ahlborn), 
New York, March 10, 1916. 


Philip Torchio: The most important results in the findings 
in these investigations are, first, that with ordinary frequencies 
of 25 to 60 cycles, the corrosion of underground structures is, 
practically nil. In this country some of the water companies ate 
still objecting to having the electric lighting companies ground 
their neutrals to the pipes of the water companies. I think that 
the results of the investigation of the Bureau of Standards 
should dissipate any fear of trouble due to the grounding of 
neutrals to the water pipes. 

The next important point brought out by the paper, which 
should dissipate another fear, is that with potentials in a certain 
zone changing from positive to negative, which fluctuation may 
occur in periods represented by the passing of a car with time 
intervals of possibly five or ten minutes, the corrosion would be 
negligible. 

The next important conclusion to be drawn from the paper is 
rather astonishing, in so far that only in this year of 1916 a 
paper of this character should be presented to the railway 
engineers seriously proposing to ameliorate electrolysis conditions 
by reversing the polarity of the trolley at certain intervals, as, 
for instance, of one hour, or a day, or even a week, and showing 
that by so doing the damage by electrolysis may be reduced to 
one-tenth, or one-quarter of what it would be by keeping the 
trolley potential constant, as we are accustomed to do. 

^ Now, this suggestion of reversing the potential of the trolley 
is not a new one. It cannot be ascribed to ignorance, that this 
method has not been tried, because as far back as 1902 a Danish 
^gineer, Mr. Absalon Larsen, published in the Elektrotechnische 
Ze%tschrift of September.1902, the results of his tests made in the 
Copenhagen Polytechnic Laboratory; and also a field test, 
both carried out on practically the same lines as those carried 
out by Messrs. McCollum and Ahlborn. Making .allowance 
tor the immeasurably greater details and completeness of the 
investigation of Messrs. McCollum and Ahlborn, and also the 
more complete scientific methods of procedure, it is astonishing 
that the results obtained in Copenhagen fifteen years ago are in 
their broad general lines confirmed by the results of the work in 
the Bureau of Standards. 


'k + briefly, that the results are as 

oUows. That with one reversal per day the electrolytic action 
can be reduced to one-quarter, and by one reversal per hour 
It can be reduced to_ one-thirtieth of its normal value, horn the 

in to-night’s paper we see that the results with one 
reversal every two days would be in the order of one-quarter 
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and one reversal every hour would be in the order of one-tenth, 
and it is, therefore, broadly speaking, astonishing that in fifteen 
years no use whatsoever has been made of the suggestion pre¬ 
sented by Larsen. 

Two years ago the Joint National Committee on Electrolysis 
reported on European practise. I made a survey throughout 
certain of the European countries, and before starting from 
America I consulted with Dr. Rosa on what line of investigation 
I should follow, and on his suggestion I had prepared a list of 
questions to ask every gentleman I interviewed. As a result of 
all of the interviews I had in England, France, Germany and 
Italy, I found that this suggestion of the reversal of potential 
was practically never used. The only places where the potential 
of the trolley has been reversed were in St. Gall and Ntirnberg, 
but that was done only once, to try to remedy electrolytic 
conditions. In all other cases practically no application has 
been made of this suggestion which appears to promise great 
benefit in many bad electrolysis situations. 

Now, I would like to hear from railway engineers why this is 
so, why this suggestion, which undoubtedly has been known for 
fifteen years, has never been applied, and then what are the 
objections to applying it. 

Alexander Maxwell: I think the authors of this paper should 
be congratulated for their investigation of this very practical 
phase of the general subject of corrosion of underground struc¬ 
tures by stray currents, particularly with regard to that part of 
the investigation which deals with reversing continuous currents, 
as distinguished from alternating currents of the ordinary fre¬ 
quencies. It is too often assumed that serious corrosion occurs 
only where the affected structures are close to the rails and • 
positive in potential to them, whereas corrosion is frequently 
found in the so-called “neutral zones” as well as in locations 
remote from railway structures, in the latter case corrosion 
being due to exchange of current between different piping or 
cable systems, very often associated with reversals of direction. 

In one respect, however, I desire to offer a criticism which 
repeats a similar comment of mine in connection with an earlier 
paper of one of the authors, namely, that the current densities 
employed are much higher than those encountered in practise. 
To be sure, the authors have offered a good reason for the current 
density employed, but it seems especially unfortunate that lower 
densities were not investigated on account of the uncertainty 
which remains regarding the precise nature of the corrosion 
where low corrosion coefficients were found. 

Two examples taken at random* illustrate the magnitude of 
the apparent current densities which may be met in practise, 
associated with actual corrosion. In one case current having 
a 24-hour average value of 3.4 amperes, flowed from a 20-inch 
cast iron gas main between two test stations, 150 feet apart. ' 
This works out to 0.0046 milliampere per sq. cm,, average, over 
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the whole surface. Therefore, only about 1/100 of the whole 
surface would be conducting to attain the current density used 
in the experiments described in the paper. 

In another case, serious damage was done to cable sheaths by 
the loss of one ampere in a single section between manholes. 
Since the cable was of large diameter, it may be assumed that 
the lowest 1-inch of circumference was in contact with moisture 
and soil in the conduit, the minimum distance between manholes 
was about 250 feet. Under these conditions, the contact area 
would be 19,350 sq. cm., and the average current density would 
be 0.052 milliamperes per sq. cm., or roughly, 1/10 of the value 
used in the paper. 

I do not mean to say that densities as low as these average 
densities should necessarily be employed for experimentation, 
but that something approximating them should be employed in 
view of the admitted influence of secondary effects which greatly 
increase the corrosion coefficients at low densities, and which 
might strongly influence an investigation like the present one. 
Moreover, it should be borne in mind that the average current 
densities referred to above may still be directly compared with 
the densities used by the authors, since theirs are also average 
densities. 

A. F. Ganz: Several papers have been published describing 
the results of experiments with alternating currents of commer¬ 
cial frequencies in producing electrolysis of iron in soils and in 
solutions. The results of these experiments have generally 
shown that with alternating current some corrosion results, 
but that this is only of the order of one per cent of that calculated 
by Faraday’s law from the quantit}?- of electricity discharged 
from the anode. The present authors have found substantially 
the same results with alternating currents of frequencies of 15 
and 60 cycles per second. The authors have also included tests 
using direct current which was reversed at relatively long intervals, 
the periods varying from one second to two weeks. They have 
found that even with the longest period of reversal, the corrosion 
produced is less than that computed by Faraday’s law from the 
total quantity of electricity leaving the anode, and that the 
corrosion of both iron and lead electrodes decreases with in¬ 
creasing frequency. 

The authors have used a current density of approximately 0.5 
milliampereper sq. cm. for the iron and also for the lead samples, 
which is approximately 0.46 ampere per sq. ft. This current 
density is probably over 10 times as great as is generally found 
in practise in the case of pipe and cable sheaths affected 
by stray currents. The authors state that this current den¬ 
sity was used because in a previous investigation on the cor- 
rosion^ of iron in street soils, it had been found that with current 
densities no greater than these, coefficients of corrosion of 
practically unity were obtained with direct current. I would 
like to ask the authors whether in the case of lead, similar tests 
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were made, and if so, whether with much smaller current densities, 
a coefficient of corrosion as low as 25 per cent was also found. 
It is well known that as the density of current flowing from a 
corrodible anode to an electrolyte is increased, a point is reached 
where, in addition to the metal going into solution, gases are 
formed so that only part of the electricity is effective in dissolving 
the anode, and the other part produces gas. If tests with lower 
current densities on lead samples have not been mad.e, it seems 
to me that this should be done before the conclusion can be 
accepted that with lead as an anode the corrosion is only 25 per 
cent of that calculated by Faraday’s law. 

The present tests were made with only one kind of soil. It is 
entirely possible also that with soils containing other constituents 
than the soil used, a higher coefficient of corrosion maybe found 


for lead. 

Assuming, however, that the corrosion from electrolysis with 
lead anodes is under practical conditions only 25 per cent of 
that calculated by Faraday’s law, it seems to me that this makes 
alternating or infrequently reversed currents much less advan¬ 
tageous in the case of lead than is indicated by the coefficients 
of corrosion given for these currents in the paper. To make 
clear what I mean, I find in Table VIII that with a frequency 
of reversal of 10 minutes, the average coefficient of corrosion is 
given as 0.132. This figure is obtained by dividing the actual 
loss from electrolysis by the loss calculated by Faraday s law. 

If, however, with direct current the coefficient of corrosion is 25 
per cent instead of 100 per cent, the beneficial effect of a^ fre¬ 
quency of reversal of 10 minutes is represented by four times 
0.132 or by 0.528, and not by 0.132, This means practically 
that if with direct current a certain amount of corrosion is pro¬ 
duced, a reversing current having a frequency of 10 minutes will 
cause a little more than half as much corrosion as the direct 
current As it is well known that lead cable sheaths in practise 

are very rapidlydestroyedby localized pitting whei;e they are at all . 

times positive to earth, and even where a relatively small current 
flows from the cs-blc siiG3,th.s, it is ovidGnt tli3-t mncli less improve 
ment is to be expected from alternating or from infrequently 
reversed currents in the case of lead cable sheaths than is indicate 
bv the coefficients of corrosion given in the paper. _ 

The authors state that the reduction in electrolytic corrosion 
from alternating or infrequently reversed currents appears to 
be due to the fact that the corrosive action is in a large degree 
reversible. While the results of the tests indicate that this may 
be the action, I do not believe that they are sufficiently conclusive 
to prove this theory, and it would be very desirable to have this 
ohase of the subject discussed theoretically from, an electro¬ 
chemical standpoint. This is to my mind extremely iinportant 
because it may serve to answer the question as to whether the 
low coefficients of corrosion found in the present tests may also 
be expected with the widely varying conditions of the electrolyte 

found in practise. 
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On the basis of the very low coefficients of corrosion found 
where the reversal is one minute or less, the authors dfaw the 
conclusion that where underground pipes or cable sheaths reverse 
more or less continually in polarity, the algebraic average of the 
current or potential is more nearly a correct index of the total 
damage that would result from electrolysis than any other 
figure that can be obtained. All of the tests described in the 
paper were however made with reversed currents whose alge¬ 
braic average is zero. In order to prove the validity of the alge¬ 
braic average for judging danger from electrolysis, it seems to me 
that it ^ would be desirable to make experiments in which the 
algebraic average is other than zero, and particularly with reversed 
currents in which the periods for the positive lobes are made 
substantially longer, than the periods for the negative lobes. 

From a practical standpoint it seems to me that it would 
also be very misleading to give only the algebraic average of 
the potential or current, where these quantities continually 
reverse. This will readily be seen from the fact that large cur¬ 
rents may reverse in underground cable sheaths or pipes, and 
yet the algebraic averages may be zero, so that if the results are 
expressed only as algebraic averages, an entirely false impression 
is created. There are other dangers from stray currents flowing 
on underground pipes and cable sheaths besides electrolysis, as 
for example fire hazards from sparks or arcing where currents 
pass through buildings on service pipes or cables. These dangers 

are not in any sense measured by the algebraic average of the 
currents. 

I want to say in conclusion that if the low ‘coefficients of cor¬ 
rosion found by the present authors, even with ver}^ slowly 
reversed currents, are substantiated for soils generally and for 
the low current densities usually met in practise, methods of 
electrolysis mitigation which result in large areas of reversing 
polarities of the underground structures, such as insulated 
return feeder systems and three-wire systems, assure a much 
greater degree of protection from destruction by electrolysis 
of these structures and particularly of iron structures, than has 
previously been expected. The work described by the present 
authors has therefore wide practical application and it is fortunate 
that we now have the results of this work available. 

J. L. R. Hayden: I agree with the author’s conclusions 
except in some minor features. 

I do not believe that there is a limiting frequency beyond 
which^no appreciable corrosion occurs. While at 25 cycles, the 
corrosion is already less than 1 per cent in most cases, there is 
still a distinct decrease at 60 cycles, and traces of electrolytic 
action seem to remain^ even at very much higher frequencies. 
At the low current densities used in the experiments the chemical 
corrosion is comparable with the electrolytic, and as the chemical 
corrosion is very variable, a serious source of error results at these 
requencies, which in my opinion is the cause of the apparently 
negative corrosion at 60 cycles, in Table V. 



1916 ] 


DISCUSSION AT NEW YORK 


333 


I agree with the experience that alkaline solutions chemically 
protect iron, but attack lead, ^ 

The low coefficient of corrosion of lead may be apparent on^T 
and due the assumption of lead as bivalent: As in the lead 
storage battery the anodic action proceeds to Pb 02 ,P-'t 
probable that with unidirectional current of long^ duration,^ Fb 
shows valency 4. This would double all the corrosion coefficients 
of lead. At higher frequencies, lead probably is bivalent, and 
this would account for the different slopes of the lead and the 

iron curves. 

The observer’s results seem to agree with my experience that 
iron is more erratic than lead. This I explained by the ease, 
with ■ which iron can assume the passive (probably tnvalent) 
state. As time, current density (even'momentary), j^evious 
history and nature of electrolyte (nitrates favorable, chlorides 
unfavorable for passivity) and surface condition (presence ot 
scale) have a material influence on passivity,* during halt cycles 
of long duration the iron electrodes may change from^ active 
to passive and inversely. As active iron appears to be bivalent, 
passive iron trivalent, the previous hydrogen electrode, when 
changing to anode by reversal of current, would tend to start 
active. This may account for some of the differences between 

the odd and even electrodes. ^ . r -i 

As nitrates and ammonia are frequent constituents oi soil, 

and nitrates have a strong passivating effect, it would have been 

interesting to make some experiments with soil containing 

ammonium nitrate for instance. 

Also, the action of higher current densities would be ot inter¬ 
est, especially with lead electrodes. Lead cables laid in ducts 
are usually fairly well insulated except locally, where moisture 
may have penetrated etc. With such lead cables the current 
flow may be localized, and then higher densities result. 

S. M. Kintner: The practical value of the information 
sought by the author, in so far as it relates to engineering 
practise in most instances at least, is the assistance it win 
give in forecasting what will happen to a pipe or lead covered 
cable buried in the ground and subjected to such electrolytic 
actions. A pipe, or. cable, under such conditions fails by a smali 
hole, or at least only a small hole is sufficient to cause serious 
trouble very shortly. This being the case it is of rather academic 
interest to know whether the pipe as a whole has lost one per 

cent in weight, or even ten per cent. ^ . 

Even if we knew, quite accurately how the loss varied ^witn 

current density etc., we could make no practical use of it, in an 
application such as that assumed, for the very evident reason 
that we have no control over the current distribution as it goes 
to or from such a buried pipo- What we are interested in, how¬ 
ever, is the order of the loss that may be expected, compared to 

* “ Electrolytic Corrosion of Iron by Direct Current , Journal of 
Franklin Institute ^ October 1911. 
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that due to d-c. electrolysis, or to ordinary corrosion under like 
conditions of soil. 

The paper contains some very interesting results on the 
effects of infrequent reversals of direct current. ^ These results 
are of considerable practical value, if applied with proper dis¬ 
cretion. 

In a series of tests on a-c. electrolysis made by me in 1904-5 
and reported in part in the Electric Journal of 1905, attempts 
were made to secure accurate data. Both iron and lead plates, 
weighed accurately before and after subjecting them to a-c. 
electrolytic action, were used. 

The plates of iron in some test boxes, and lead in others, were 
arranged so as to form the two ends of small boxes, of which 
the other sides were of wood. Some 20 or 30 of these were 
used in various combinations of frequencies, of electrolytes, of 
current densities etc. It did not take long, however, to show 
that the current densities varied greatly, that the “gain” plates 
of the direct current cells lost as much, or more than those plates 
subjected to the simple corrosion or to the a-c. electrolytic 
action and that the cleaning for weighing was apt to produce 
greater losses than the losses it was expected to detect. 

The d-c. “loss” plates would be eaten through "at places 
slightly below the surface, while at other places down deeper in 
the solution the action was comparatively slight. This was quite 
conclusive proof that the current densities were not uniform 
over the whole plate surface. The mounting emiDloyed was 
expected to eliminate the greater density at the edges of the 
plates and thus secure a closer approximation to uniformity of 
current density. 

It is to be noted that in the present paper no such precautions 
were taken and so it is reasonable to expect even a greater varia¬ 
tion in current density than in the tests made by me in 1904. 

After concluding a number of the plate tests, all laboratory 
tests, and reaching the decision that no data of a greater degree 
of refinement were obtainable or even if obtainable, could 
be applied practically, it was decided to check the general 
observations by tests approximating as nearly as possible, the 
actual operating conditions. Consequently a number of pipes 
of about four feet length and three inches in diameter, were 
buried after being carefully weighed, marked and having their 
ends sealed with an asphalt gum. These pipes, both commercial 
wrought pipe and lead cable, were buried in three different 
localities separated some 25 miles from each other. These test 
pipes were arranged in groups in each of the three localities 
and in this way the effects of frequency, current density, (inso¬ 
far as total current per pipe would indicate it) direct current and 
simple corrosion were observed. Pipes were buried at different 
depths varying from two to six feet. There was a sufficient 
number of pipes in each combination to permit the removal of 
some after various periods of action. They were all removed 
at the end of one year. 
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Attempts at weighing and checking against the onginal 

”l®‘?me?rstady” aem’SrZw that efiects of the a-e. 
electrolysis, both M and 60 cycle, was just about the same as 

sChSre?Cf*c.irqh?t£vi^^^ wHch 

%\re?eSCtCfptcsTf« 

quite closely, in each of the three places, that produced by co 

:3|l^CSratair wafiC 

fnferCuSLss thSi’scrc r£ huCrs 

sets up a very strong local activity. ^ r^Qr»pr are of interest 

Pari PTpring* The results given in the paper are oi inLcic 

anSCf' v&eU as 

breaperimem what heretofore was a districts 

most valuable results is that in what are called the neutral dist ^ 
in undereround electrolytic corrosion problems, the penoaic 
reversals of current practically neutralize J ^he usual 

corrosion from underground alternating reasons 

frequencies, is not a senous menace; there were g°°^ 
for believing that for lead covered cables at least, the corrosion 
due to underground alternating current might be senoi^. 

Isa P wg: This paper suggests an attempt made about 

mVol wS ™ iCry familiar to me. vStaCSd’e Cf 

designed transformer was used through the 

which passed the return current of ^ ^Xe primag 

feeders connected to taps of different p mirrent from 

was eacited through resistance by “ ■"““'“TrSlSy to 
a 550-volt d-c. source. The idea was to set up ^ mlatg-e^ mw 

frequency reversing potential between pipes mils. Howe ^ 
firtnyifaial as well as mechanical difficulties, i believe, preveincu 
Se d^vibpiJ^St of the installations, although there appeared to 

’'^HowivS fhawS"in mind for some time to ^ 

set forth in this paper in connection with the in 

feeder system but particu arly with such ^^alktion 

two of the feeders connect to a track ^09*^J®3if3ryh 

where tracks are consistently negative to water 
conditions are not dangerous, due principally to some POO 
track bonding in the neighborhood. My idea is to place m 

series ith each of these feeders a/efinite amount of resistjace 
alternately to be short circuited by aucomatically p 
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contactors. The resistances would be so designed that when one 
is short circuited and the other is in series with the other feeder 
and vice versa the potential between pipes and rails-at the ends 
of the feeders would alternately reverse. It might be found 
that one resistance in series with the return current of both feeders 
could be alternately short circuited and left in series which 
would probably increase the area subject to reverse current 
flow between pipes and rails. The contactors could be operated 
by a relay controlled by a sign flasher or any other convenient 
method. I would like to know if the authors of this paper think 
that would be effective. 

C. B. Martin^The tests described in this paper were made in 
soil. This condition is the usual one that must be considered in 
connection with standard trolley roads, but in connection with 
electrified heavy traction roads the effect of reversing currents 
upon steel imbedded in concrete becomes of importance. 

For the last twenty-five months we have had under test, units 

made of one inch steel rods, six inches long, surrounded by two 

inches of concrete placed in water baths in metal pails. In some 

of these units the current has flowed in the direction to produce 

electrolysis of the rod, and in others the same current was reversed 

at the rate of 0.8 cycles per minute. The resistance of the d-c. 

units increased steadily, while, that of the reversing units hardly 
at all. 


How well the steel embedded in concrete of the d-c. unit auto- 
matically protected itself will be seen by the reduction of the 
current with the same impressed potential. At the start the 
current flow was 0.08 amperes; in ten days 0.04; in thirty- 
tour days 0.02; in three hundred and twenty-eight days 0 01 
and in seven hundred and sixty days 0.005. The efficiency of 
corrosion for the whole period was 28.4 per cent. 

The a'^rage current flowing was 0.053 milliamperes per sq. cm. 
of the surface of the rod, which is about one-tenth of that required 
to produce the maximum corrosion of iron. This low density 
IS, however, very much above that encountered upon the steel 
structures in which we are most interested. 

An examination of the reversed current electrode showed that 

be^rei^o ^ ^ of metal had 

been removed, and the efficiency of corrosion was only 0.95 of 

one per cent of the positive current flowing. 

_ The results of our reversing tests on steel in concrete, there- 
reversfuftl^tr with the results reported in the paper on 

is practilally neglijible. resulting electrolysis 

trotvs^?t?.ff interesting. An elec- 

b2rund?t«f? described above which had 

deSrndf f ^ee ^eeks with a positive potential on the 

tence3th^=f 1 ^ internal resis- 

evS? mimu^^ ^.^bjected to a current reversing 

every minute, and the varying resistance of the circuit recorded 
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See Fig. 1. It will be seen that very promptly upon the reversal 
of the current there was a surprising drop in the resistance, which 
was partially restored upon again making the electrode positive. 
Under repeated reversals the .resistance of the sample steadily 
decreased with every indication that a stable condition had been 
reached. Finally the electrode was again subject to a steady 
positive potential and the resistance increased to an approx¬ 
imation of its original value. Naturally the question arises 
what caused the resistance to increase and decrease in this manner? 
Was the action due to gases or the expulsion and return of the 
electrolyte? At any rate the test shows that the resistance of 
the electrolytic circuit of steel encased in concrete is built up 
by making the steel positive, and broken down by making it 
negative. 

Electrolysis engineers working to protect underground struc¬ 



tures from electrolysis have constantly before them theptatement 
that one d-c. ampere flowing steadily for a year will disintegrate 
twenty pounds of iron, or seventy-five pounds of leadmnder 
favorable conditions. Should such rates of deterioration be 
realized in practise many important structures would be in need 
of extended repairs, and the expenditure of very large sums in 

protective measures would be justified. 

When, however, foundations, especially steel foundations 
encased in concrete have been uncovered and found to be but 
slightl' affected, although subjected to a potential favoring 
electrolysis for years, the question naturally arises whether there 
are not circumstances which in practise largel^^ reduce these 

large estimates of electrolysis damage. ^ r . 

The paper of the evening demonstrates the existence ot. at 
least one very important condition that materially retards 
electrolysis in many localities. 
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• ^ ii^portant conclusion that should be drawn from the paper 
IS that in an electrolysis survey, readings should be taken for 
twenty-four hours, preferably by means of recording instruments 
so that the lull cycle of a day’s operations will be included and 
all current reversals recorded. 

particularly interested in the statement that the loss 
o lead in soil under d-c. flow is about 25 per cent of the theoreti¬ 
cal loss. We trust that this important phenomena will be more 

fully investigated and explained. 
Tests which we have made upon 
electrolysis samples of steel sur¬ 
rounded by two inches of con¬ 
crete indicate that the efficiency 
of corrosion is not over 30 per 
cent. Some of these tests have 
extended over long periods. 
Referring to conclusion (2) of 

p actically negligible for both metals when the period of the 
greater than about one minute,” we have understood 
fhtl taking place under ordinary conditions 

broken up and the gases collect at the 
ft surfaces. Upon reversal of current, is it not 

especially the hydrogen gases, in some 

tnf fprompt starting of electrolysis? May 
it not take about a minute to dissipate these gases? 



. 
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Fig. 2 



months’ test referred to above, there was 

ctrvl i. one-1±ird of the time. The shape of the current 
curve is shown'in Pig, 2. 

thprl samples subjected to reversing test 

FiUsconnected in circuit as shown in 

fiti-A all the samples at the end of the twentjr- 

nositinn^T^p- being lettered corresponding to its 

position in Fig. 3 and Pig. 4. & 
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Thomas M. Roberts: My remarks will be a brief comment on 

conclusion No. 8. _ , , 

Fig. 6 represents a rise of potential in a pipe line above a given 

zero, and a simultaneous drop of potential in the rails with the 
going and coming of cars. It is to be noted that the change of 
potential of the conductors in the earth is greater as the distance 
between the bond points increases. This probably is known to 
many railway engineers, but it is not so well known to many who 
install underground systems of piping which may become bonded 
with electrical conductors. I vSimply call attention to the tact 
that in an active zone a well bonded, system of pipes and ^^n- 
ductors suffers less from electrolysis than a poorly bonde 
system. This we know irrespective of whether the electrcffytic 
effects are caused by an arithmetical average or by the^algebrmc 
sum of the currents. The effect is what it is, irrespective of the 
name given to the cause. The name is a small matter, the method 
of installation is the important thing. 



■pvy^ «_ Diagram Showing Increase of Potential Difference Be¬ 

tween Pipe and Rails with Increase of Distance Between 

Bonded Points 

L. W. Chubb: We carried out about a year ago a test with 
slow reversal currents. In the control of large induction motors 
it has become quite common to feed the secondary through a 
water rheostat, as it is called. The frequency of alternation 
starts at 25 or 60 cycles, and as the motor speeds up the frequency 
drops to the slip frequency which is less than one cycle per second. 

There has been some corrosion trouble with the metal electrodes 
in different parts of the country and very careful tests were made 
to find the effects of purity of water. _ These tests were carried 
out not in as much detail as they might have been, but they 
showed conclusively that the water, although reasonably pure, 
as pure as the moisture of The soil, has a great bearing on the 
result. Tests were made from 60 cycles down to 0.1 of a cycle 
per second, the low cycles being obtained by feeding from the 
secondary of the induction motor, with a constant slip, and by 
reversing direct-current with a rheostat which cut in and 
out the resistance, so that the wave shape approximated a 
sine wave. The specific results are covered in Mr. Spooner vS 

discussion. 

Sodium carbonate is used in water rheostats. It is used 
because it causes little corrosion. For this reason I believe it 
was not a very representative chemical to add to the ^ soil 
employed in the test described in the paper. I think it is 
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did^ cleaned their samples as they 

Prof was made 

an averaf^p valtp^Vcurrent reversals do not have 
SerSfInW .f ^ it is possible that the 

whic^mT^al^ ?f current was not zero in these tests, 

even nlati? discrepancy between odd and 

1 ? each ^ increase the results. If the ampere-hours 

corrosion than I'f+h^^ equal, we should expect a very much lower 

over the nth e/ * P®^ ®®^t increase in one direction 

SSe a our tests we met this trouble, and had to 

houJ of the tests over again. We used ampere- 

the” richer, »“ tU"''**™ and 

Thomas Spooner: Almost a year ago we made some-tests 
oorroslof 

sodmmcarbonatemdifs“a wate?’ °Tb'°,“l”““ r°‘ ^ F" 

The something of interest to this subject. 

imm^sS fn Pwf"'! various materials 

stirrin? bevonti ^ conta.med in beakers. There was no 

olate had produced by the electrolytic action. Each 

sq cm.f 2.7 sq. in. (17.4 

amnere Fhp hiVU current varied from 5 amperes to 1 

inarv tests Th^^^ values being used only on a few prelim- 
2 amoeres' The current for most of the tests was about 

25 to 0 1 nvnio ^ were made with various frequencies from 

5 weivht fn expressed in loss 

SSarfaoTZwsT Sonte of the results 


0.1 

1.0 

5.0 


Frequency 
cycles per sec. 

ii 

*Ingot iron 

> PiCR AMP 

Monel metal 

0.1 
i\ 'i 

0.0175 

0.0008 

0.1 

0.0155 

0.0014 

0.2 

0.0055 

0.00077 

0.5 

t A 

0.0021 

0.00084 

1.0 

Cf r\ 

0.0011 

0.00056 

5.0 

0.00015 

0.00011 

2o.0 

0.000012 

. 



Nickel chro¬ 
mium alloy 


0.0021 
0.0030 
0.0030 
0.0017 
0.00078 
0.0022 


table II. ELECTROLYTE-RP.A WATER. 


Badly corroded 
in 31 hrs. 
0.0041 
0.0022 


Badly corroded 
3i hrs. 
0.0111 
0.0098 


Current 

supply 


Reversing switch 
Revolving rheostat 


U 

ii 


A-c. generator 

U 

Shop supply 


Entirely eaten 
away in 1| hrs. 
0.0498 
0.0401 


Revolving rheostat 
A-c. gen. 


at end of 9J hourl^^^^^^^ sodium carbonate solution -with d-c. It was badly corroded 
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A few tests were made on a 5 per cent nickel steel alloy (rolled), 
a 5 per cent nickel steel alloy (cast), and boiler plate. The first 
two corroded rapidly, while the last at frequencies of 0.5, 1.0 
and 5.0 and a 2 per cent sodium carbonate solution gave the same 
results as the ingot iron within the limits of accuracy of the test. 

The first 0.1 cycle tests were made with a motor driven revers¬ 
ing switch which was open about the same length of time it was 
closed. The revolving rheostat tests were made with an appar¬ 
atus as shown in Fig. 7. The operation of the device is obvious 
from the figure. It gave a wave like that shown in Fig. 8. 



The resistance (Fig. 7) was introduced to correct a slight 
dissymmetry in the positive and negative halves of the current 
wave. This device was substituted for the reversing switch 
because it was difficult to make the time of closure of the switch 
the same for both directions and because for this particular 
investigation it was desired to have the wave form approxi¬ 
mately that of a sine. The average value of the current was deter¬ 
mined by an integrating d-c. ammeter which was reversed each 
half cycle. The ratio between the maximum current and this 
average was calculated and considered constant for the several 
succeeding tests. The equality of the posi- 
tive and negative halves of the current wave 
was checked by means of a copper volt- 


ammeter. 

These tests induced us to arrive at the pjc.. 8 

following conclusions: 

(a) The lower the frequency the greater the loss in weight 
of the electrodes, this loss increasing very rapidly below 0.5 
cycles per second. 

(b) All of the substances investigated corroded very rapidly 


with d-c. currents. 

(c) Where considerable chlorides are present in the electro¬ 
lyte, ingot iron seems to be superior to any of the other substances 
investigated. 
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(d) With low frequencies, monel metal seems to be the most 
satisfactory with 2 per cent sodium carbonate solution. 

(e) Boiler iron seems to have almost the same loss as ingot 
iron. 

(f) Very large differences in loss were obtained depending 
on the condition of the surface of the plates. This may account 
for the peculiar increase in loss for the nichrome at 5.0 cycles 
(see Table I) as this material is especially susceptible to surface 
conditions. 


Some previous investigators have thought that the electrode 
loss per ampere hour was a function of the current density. 
Where they have shown data to substantiate this, is it not 
possible that the greater current density produced a stirring 
action, which as pointed out by the authors of this paper, in¬ 
creases the loss. 


Maximilian Toch: Under the heading '‘Complete Series of 
Tests, it is stated ^ that the experiments were conducted with 
iron and lead buried in soils, and I believe no attention has been 
paid to the electrolyte in these soils, for the obvious reason that 
if steel or metal which will corrode is buried in a soil in which 
there is no oxygen nor water corrosion cannot ensue, and I have 
seen so inany cases of subterranean corrosion, beams of buildings, 
pipes and conduits, that I know there is a vast difference between 
electrolytic corrosion in a wet soil and electrolytical and chemical 
corrosion in a semi-dry soil. 

In fact, I have gone so thoroughly into this subject that I am 
e\en now conducting,experiments on the western coast of South 
t in a climate which I believe is much dryer than that of 

I have conducted experiments in the southern part 
0 evada and the northern part of Arizona on the protection 
ot steel against corrosion under various conditions. I say this 

qualify before you, for I have paid a great deal of 
attendon to this subject in the last twenty-one years. 

T Mr. Torchio has raised the question 

^ ^ pnnciples brought out in the paper have not been 

o-flfinn electric railway interests for the miti- 

The reason I think is quite 
HparAA f order to secure anything like the high 

tofeveri rtA be necessafy 

of COU^P trolley several times a day, although 

SmetW accomplish 

or oftenef wnnW polarity of the trolley once an hour 

h anv introduce an operating complication that few 

would he Such frequent reversal 

K^r o 1 bjectionable even where an entire system is suDolied 
by a single station, and would be practically SSitive ?n thS 

lUs largelWof thU^^™ t interconnected stations. 

ha<; net^hi' for this reason I think that the work of Mr Larsen 

h^ not been given more attention. I would noint out th1« 
connection that the work dpciAn'KA^ i., point out in this 

scnbed in the present paper covers 
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an entirely different field and was undertaken for an entirely 
different purpose from the work done by Mr. Larsen. Mr. 
Larsen’s object was to determine whether or not it would be 
feasible to reduce electrolysis trouble by a frequent reversal 
of the trolley polarity, and he carried out no experiments in 
which the current was reversed more frequently than once _an 
hour. In’ the present investigation it was our aim to determine 
the order of magnitude of the corrosion that would be produced 
in the so-called neutral areas of railways where the reversal 
takes place at short intervals of-from a few seconds to a few 
minutes. In order to make the investigation complete we 
carried out some experiments with alternating currents of ordin¬ 
ary frequency on which a good deal of work had previously 
been done, and also extended our investigation into the regions 
of long periods such as those adopted by Mr. Larsen. Between 
these extremes however, we have covered a wide range which 
has not heretofore been investigated, namely, frequencies of 
reversal such as those found between tracks and pipes and other 
underground structures in the so-called neutral areas of electric 

railways. 

I wish to make it clear that the authors have not put forward 
this data with any idea that it will be used as the basis of a 
comprehensive system of electrolysis mitigation, and we do 
not consider that there is much likelihood of it being used in 
this way for the reasons pointed out above. ^ Our principal 
purpose in bringing out the results of these tests is to show that 
in so-called neutral areas the actual amount of corrosion that 
will take place is much less than has often been supposed., and 
that the extension of the neutral areas due to the application of 
insulated return feeders, three-wire systems, and other methods 
of mitigating electrolysis troubles, need not be regarded as 
introducing any additional hazard to underground structures. 

Regarding the criticism brought out by Prof. Ganz and Mr. 
Maxwell, I would say that the current density^of 0.5 milliam- 
pere per sq. cm. was used for the reason that this is about the low¬ 
est value that is likely to be of any practical consequence. If 
the current density is 0.5 milliampere per sq. cm. the actual rate 
at which the iron would be corroded away would-be approx¬ 
imately one centimeter in 12 years. This is a rate of corrosion 
which is frequently encountered in practise where electiolysis 
conditions are only moderately severe. Much higher current 
densities are frequently found, however. On the other hand, it 
is perfectly true, as Mr. Maxwell and Prof. Ganz have pointed 
out, that in practise, especially near the so-called neutral zones, 
the current density may often be but a very small fraction of 
that used in the tests, but it must be admitted that such current 
densities are of mo practical importance. For instance, if we 
use a current density of 0.0046 milliampere per sq. cm., which 
Mr. Maxwell states has been actually found by him, it would 
appear that it would take about 1300 years to corrode the iron 
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to a depth of one centimeter. While it may be true that the 
effect of reversed currents with these low current densities may be 
very different from that observed in these experimentspt is evident 
that the rate of corrosion in any case will be so low that it is 
of no concern from a practical standpoint, however interesting 
it might be from a purely scientific point of view. In-this con¬ 
nection I would say that the corrosion on the test specimens 
used by the authors, while not strictl}?- uniform, was nevertheless 
so well distributed over the surface that it was evident that the 
current density at any one point was not very greatly in excess 

of the average value of 0.5 milliamperes per sq. cm. used in 
these tests. 

Prof. Ganz states that the tests were made in only one kind 
of soil. This is quite true. Part of the tests were made in the 
natural soxl and some with sodium carbonate added, and the 
results, while slightly different, indicate the same general law. 
It is not improbable that with soil from different sources it 
would be found that the knee of the corrosion curve, or the 
point at which it begins to rise abruptly, would be shifted more 
or less. Nevertheless all of the experiments made indicate 

that the effects would be of the same general character as here 
observed. 

Prof. Ganz quoted some figures from the table and seemed to 
convey the impression that they are misleading. For example, 

stated that the table shows that with a ten minute reversal in 
the case of lead the coefficient of corrosion given is 0.132, and 
he appeared to assume that this is intended to show that the ratio 
of the corrosion on this frequency to the corrosion on direct 

0.132. This error might readily creep in pro¬ 
vided the authors did not give the actual corrosion on direct 
cimrent, but since this is given and shown to be approximately 
U.wO i do not see how any one could be misled as to the magni- 

reduction in corrosion produced by the reversals. 

Prof. Ganz also suggested that in view of the fact that all of 
the expenments described in the paper were made with period- 
ically reversed currents in which the algebraic average was zero, 
hat it would be desirable to make additional experiments with 
unsymmetncal alternating currents in which the algebraic aver¬ 
age IS not zero. This I think is a good suggestion and I hope that 
^ possible to make such experiments in the near future. 

^ I"- ay described a plan which he expects to try out whereby 
he hopes to utilize the principles set forth in the paper for re¬ 
ducing electrolysis troubles. If I understand his plan correctly, 

1 would amount to superposing on a unidirectional current 
a symmetrical alternating cuiTent of sufficient magnitude to 

pipe- This would not 
have the effect of reducing the algebraic average of the current, 

so that il i have not misunderstood his plan I do not see how it 
would materially reduce electrolysis troubles. 

' r. Chubb suggests that possibly the positive and negative 
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half waves were not equal and that this may in part account 
for the large discrepancy in some cases between the corrosion 
of the odd and even electrodes. This seems very unlikely since 
great care was taken to avoid any error of this sort. An oscil¬ 
lographic record carefully analyzed in a considerable number 
of cases did not reveal any appreciable unbalance. 

I have been particularly interested in the results presented 
by Mr. Spooner as they were made under different conditions 
using a liquid electrolyte instead of soil, but nevertheless the 
results obtained on ingot iron are substantially in accord with 
the results presented in our paper. 




Prestnted at the 32Qth meeting of the Ameri¬ 
can Institute of Electrical Engineers, New York, 

April 14, 1916. ___ 

Copyright 1916. By A. I. E. E. 


HIGH-VOLTAGE D-C. RAILWAY PRACTISE 


BY CLARENCE RENSHAW 


Abstract of Paper 

During the past 10 years, the operation of electric railways at 
d-c. voltages of 1200 and 1500 has become common and higher 
voltages have been shown to be practicable. The 
first with the fundamental differences in apparatus for 1200 or 
1500 volts as compared with the former 600-volt standards and 
indicates the apparent tendency of general practise with regard 
to a number of alternative constructions which must usually be 

considered in each specific application of these systems. . 

Referring then to the use of higher d-c. voltages which is just 
beginning, it points out the tendency to reach an ultimate 
maximum by employing a multiplicity 

slightly from each other, such as 2400, 3000, 3600, 4200, etc, for 
successive installations. It recommends, in order ^ 
the confusion which must surely result from this, that enorts be 
made to establish at once a single standard for high-vo*tage 

The paper shows that final standards in voltage are usually fixed 
by broad economic considerations rather than by physical limita¬ 
tions and suggests that 5000 volts direct current would offer a 
very satisfactory voltage for such a standard if commercial ap¬ 
paratus for this voltage were available. Finally, it touches 
briefly upon the operation of the experimental 5000-volt ime 
at Jackson, Michigan, which has been so successful as to give 
great hope that the system will be commercially developed. 


T en years ago, the idea that approximately 600 volts 
was the maximum potential to be hoped for in the opera¬ 
tion of d-c. railways was almost as firmly established as was the 
belief in the days of Columbus that the earth was fiat. On a 
few roads, it is true, 650 or even 700 volts was carried at the 
station and in an occasional rare instance, the use of a booster 
gave a maximum of 800 or 900 volts. Drop in the feeders, 
however, usually reduced these values considerably before they 
reached the car, so that these instances represented merely the 
generation of d-c. power at voltages above the nominal 600 

rather than its utilization by the car motors. 

Then suddenly the plan was suggested of coupling the four 
600-volt motors ordinarily employed on interurban cars in pairs 
of two in series instead of two in parallel, and of connecting the 
generators in the stations in a similar manner, so as to employ 
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1200 instead of 600 volts. Two railways then under construction 
were willing to try the scheme, and although there were some 
misgivings as to whether it would work or not, it did. The 
entire railway industry as a result has been given a lesson in 
open-mindedness which it should not soon forget and the use of 
d-c. voltages of from 1200 to l500 for the operation of interurban 
railways has become so common that today we are able to dis¬ 
cuss details of high-voltage d-c. practise. 

Motors 

Limiting ourselves for the time being to voltages of 1200 and 
1500 in discussing the matter, the first element to be considered 
of a high-voltage car or locomotive equipment is of course the 
motor. As far as voltage between terminals is concerned, the 
requirements for motors to operate two in series on such 
voltages differ from those for low-volt age service only in 
the fact ‘that slipping of the wheels to which one of the two 
motors in series is connected may interfere with the normal 
voltage distribution between them, and concentrate a large part 
of the total voltage at the terminals of one machine. Fear of 
this contingency at first led to the design of motors for high- 
voltage service with a much larger number of commutator bars 
than for corresponding 600-volt service. More extended experi¬ 
ence, however, showed that such precautions were unnecessary. 

Insulation and creeping distances on motors for high-voltage 
service must of course be made suitable for the full potential. 
This was accomplished at first by -main strength and awkward¬ 
ness, as it were, and the limitations imposed by the extra insula¬ 
tion, extra creeping distances and extra commutator bars ordi¬ 
narily earned with them a considerable sacrifice in capacity when 
a given motor was wound for operating two in series on 1200 
volts instead of two in parallel on 600. As in the matter of 
commutator bars, however, wider experience gradually over¬ 
came this difficulty. The extra insulation required for 1200- 
volt operation is now obtained by the use of better quality rather 
than greater quantity of material, and the extra distances by 
mproved shaping and arrangement of parts. Generally speak¬ 
ing, therefore, motors are produced today for use in series on 
1200 or 1500 volts with the same dimensions and weights as if 
made for use on only 600 or 750 volts. 

In referring to motors above, I have spoken as if the coupling 
of two 600“ or 750-volt motors in series was the only arrange- 
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merit ever employed for utilizing 1200 or 1500 volts. There 
have been, however, one or two instances where motors have 
been wound directly for the full line potential. Speaking 
generally, such motors are heavier and depart more radically 
from standard low-voltage designs than motors for operating 
two in series, and moreover, they do not lend themselves as well 
to the operation of the cars partly on 600 and partly on 1200 
.volts, which is so often required. In general, therefore, they seem 
to offer no particular advantages and are hence but little em¬ 
ployed. 

High-voltage d-c. railway practise, therefore, in the matter of 
motors may be said to consist in the use of two machines in 
series, these being identical in construction with standard 
motors for low-voltage service except in the comparatively minor 
details of quality of insulation and length of creeping distances. 

Control 

In control apparatus for high-voltage d-c. railway equip¬ 
ments, the fundamental requirements are to provide sufficient 
circuit-opening capacity to overcome the greater tendency to 
‘"hang” which the high-voltage arcs possess, together with the 
necessary means to confine these arcs within proper bounds. 

The first result was secured in the early high-voltage apparatus 
by using two 600-volt switches in series at practically every 
circuit-opening point, and the second by liberal increases in the 
insulation and space surrounding all live parts. Thus our first 
1200- and 1500 -volt car equipments employed 13 pneumatically- 
operated switches, where with the same current at 600 volts 
eight would have been sufficient. The groups in which these 
switches were assembled, also, were approximately 24 in. (60.9 
cm.) wide and 24 in. deep as compared with 18 in. (45.7 cm.) 
wide and 22 in. (55.8 cm.) deep for the corresponding 600-volt 

apparatus. 

As with the motors, however, greater experience led to a 
reduction of these differences in the fundamental parts. Some 
of the extra switches in the first equipments came into play 
only when the controller was '' backed off ” from parallel to 
series, and by improvements in interlocking the work of opening 
the circuit at this time was transferred to another point so that 
these extra switches could be omitted. Another switch had 
been employed because it was feared that the high-voltage motors 
might require more careful handling and hence more resistance 
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notches than standard 600-volt motors. It was found later 
that such was not the case and this switch also was omitted 
in future equipments. In these ways, in the types of equipment 
^ost generally employed, the additional switches necessary on 
account of the increased voltage have now been cut down to two 
for small equipments or three for large ones. In dimensions 
also, it has been possible to work out designs for 1200-volt 
switch groups with the same cross-sectional area and the same 
weight per switch as those for 600 volts. 

Auxiliary Control Device^. The introduction of the new 
element of operating at double voltage has greatly increased 
the number of possible combinations and alternatives which 
must be considered in any given case in order that* they may 
be adopted or rejected. 

In the first equipments for use on 1200 volts, it was con¬ 
sidered undesirable to attempt to employ this voltage for the 
auxiliary circuits such as lights, control, air compressor, etc., 
and so a dynamotor was included as a part of the equipment to 
provide a supply of 600-volt current for such purposes. To 
reduce the capacity required of the dynamotor, the air-com¬ 
pressor motor was next wound for operating at full line potential, 
so that only the lighting and control circuits need be supplied 
at 600 volts. Even on this basis, the presence of the dynamotor 
in addition to the air compressor seemed unnecessarily burden¬ 
some, so that the next step was to combine the two machines 
in a dynamotor compressor. In this device, the air compressor, 
instead of being driven by a separate motor, as previously, is 
connected to or disconnected from the dynamotor when re¬ 
quired by a suitable clutch controlled by the pressure governor. 
In locomotives or other equipments where forced ventilation is 
required, the operation is still further consolidated by mount¬ 
ing the blower fan on the shaft of the dynamotor so that the 
same machine in such cases serves a triple purpose. This 
offers considerable advantage in simplifying equipments, and 
the scheme of driving the compressor and providing 600-volt 
current for the auxiliary circuits from the same machine has 
become firmly established in high-voltage practise. 

Where equipments are to be mounted on cars of small or 
moderate size, however, even this arrangement is somewhat 
of a handicap in the matter of cost and simplicity when com- 
panson is made with the usual 600-volt equipment of the same 
capacity, so the next step was to arrange the lighting and control 
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circuits for operation directly from the line voltage. With 
electropneumatically-operated control, this was readily done 
and on such a basis, 1200- or 1500-volt equipments have been 
made practically as simple, reliable and easy to maintain as 

those for operation on 600 volts. 

As the art now stands, these two general arrangements for 
handling the auxiliary circuits constitute a dual standard and 
one of the first decisions to be made in planning any given 

installation is between these two schemes. 

Operation on Tivo Voltages. The most prolific source^ of 
vexatious problems is the use of equipments part of the time 
on low voltage and part of the time on high. As far as the 
main-circuit apparatus is concerned, any high-voltage equip¬ 
ment will of course run on half voltage with a corresponding 
reduction in speed. In order that such operation may be satis¬ 
factory, however, special arrangements must be made to care 
for the auxiliary circuits. 

Many interurban lines operate at high speeds over their own 
rights-of-way in the open country but enter one or more towns 
over the tracks of local 600-volt systems. High speed in the 
city is not permissible in any case and so approximately half 
of the normal speed when running on 600 volts is sufficient. 
For cars operating under such circumstances, it is common to 
provide for reconnecting the lighting and control circuits so 
that these will receive full voltage when the car is in the 600- 
volt section but so that the main motors will remain perma¬ 
nently coupled in series and thus operate at half speed. 

If a dynamotor compressor is employed on cars which operate 
in this way, the same changes which are necessary in any case 
to care for the lighting and control circuits automatically care 
for the air compressor as well, connecting this for full, speed 
on both voltages. In cases where approximately half speed 
on low voltage is sufficient for the main motors, however, the 
distances are usually short and half speed of the air compressor 
also is sufficient. Where cars which operate in this way employ 
a high-voltage compressor instead of a dynamotor compressor, 
therefore, no change is ordinarily necessary in its circuits for 
the low-voltage operation. 

Since the motors on high-voltage cars are in general wound 
for only 600 or 750 volts each, the car can if desired be arranged 
to operate at full speed on both high and low voltage. Where 
this is required, a main change-over switch is employed which 
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connects the motors of each pair either in series for high volt¬ 
age or in parallel for low voltage, and which connects the two 
halves of each step of the mam resistance in a corresponding 
way. _ Smtable connections for air compressor, lights and con 

setting of a single piece of apparatus into one or the other of 

two positions changes the car at once for use on high volTage 
or on low voltage. ® vuiuage 

hasTen dti^^r. “ '^e two voltages 

has been decided, the next point to determine is the manner in 

metLd 

on each car °t ,°f ^ manually-operated switch 
, ■ ^ sometimes desirable, however, to have the 

have the switrb ^ ^ ^ desirable to 

wa7 bu? 7un ) in this 

Tf Ls s^ultaneous operation throughout a train 

To supplement the apparatus for changin°- connections on 
equipments so that they may be operated o^ eX high or 

ventTr m^^’- devices are sometimes desired to pre- 

bjected to high-voltage when its change-over switch is ar 
ranged m the low-voltage oositinn q i, is ar- 

consist of relays of some fo^ ' 1 , 1 . ordinarily 

the chanp-p nvpr c ■+ n ■ ■ ^ '^hich are so connected, when 

act oSlvII P low-voltage position, that they 

is S ? Tr““-“"to-stic acceleraSon 

that such ™h 1 '' ^ *’'* tigh Yoltases except 

bat such voltages are more often employed for interurban 

preferlbir Th^r^T f i^ °ndinarily considered 

voS £ talc ° T'' 60« “d 1200 

tions iu rtVoSL oertaih complica. 

adhie” o hu I?, IT “O ttere is a teudeucy to 

will, as far as possibnffTt'tt” 

must be retained. ’ ^ ^ various complications which 

as influeacS £y the st °£ “si> voltages except 

ao^ard to the chtctiuT 
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of simplicity, there is a tendency to adhere to non-field control 
to offset unavoidable complications at other points. 

Alternatives in Control Apparatus. It will be seen from the 
above that even with common practise in high-voltage equip¬ 
ment fairly well standardized, a host of alternatives usually 
present themselves for settlement in almost every case. The 
most common questions are—should the voltage be 1200 or 
1500; should the equipment be of the dynamotor compressor 
or of the non-dynamotor type; will it have to operate on high 
voltage only or on both high and low voltage; if required to 
operate on low voltage as well as high, will half speed be suf¬ 
ficient on main and compressor motors or will full speed on 
both voltages be necessary; must the change-over switch be 
arranged for indirect control or will manual operation be suf¬ 
ficient; if indirect control is required, can it be confined to the 
individual cars or will simultaneous operation throughout the 
train be required; is a protective device essential to guard 
against damage by the application - of the wrong voltage or 
will this not be required? Other similar questions might be 
added to the list but these are the 'most important ones. 

Most of these matters are largely influenced by the individuals 
who control the local situation, so that it is^ difficult to gener¬ 
alize with any degree of accuracy. As far as I can judge, how¬ 
ever, current practise seems to be tending in the following 
directions. 

Where the high-voltage cars must run over existing 600-volt 
lines to any considerable extent, the exact ratio between 600 
■ and 1200 volts offers some advantages. Since high-voltage 
motors are made from existing standards also, there is a wider 
range of choice for 1200-volt operation than there is for 1500 
volts, especially where small sizes of motors are required. 
So far, 1500 volts has .been used in sections where 600-volt 
lines have been established only to a limited extent, that is, 
in comparatively virgin territory, while 1200 volts has been 
employed in sections where there has already been considerable 
600-volt development. It seems probable that high-voltage 
•practise will continue to follow these lines except in the case 
of the electrification of branch lines on steam railroads or 
similar instances where connections with existing lines will have 
little bearing. 

Speaking broadly, the general tendency is toward the use 
of the dynamotor compressor on large expensive cars, particularly 
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where full speed is required on half voltage, since this arrange¬ 
ment lends itself readily to such operation. Dynamotor com¬ 
pressors also are particularly suitable for locomotives where 
forced ventilation is utilized. For smaller and less expensive 
rolling stock; non-dynamotor outfits are generally employed, 

although there is and always will be a certain amount of over¬ 
lapping. 

In the older sections of the country where distances of four 

or five miles must sometimes be run on city tracks, and where 

through cars over 600-volt lines are likely to be emplo 3 'ed, 

equipments are usually required to operate at full speed on 

half voltage. Equipments for operating at half speed under 

these circumstances, however, offer considerable advantage in 

weight, cost and general simplicity and will undoubtedly find 

a considerable field where circumstances are favorable to their 
use. 


Where large cars are arranged for full speed on both voltages, 
the tendency is toward the use of full speed for the air com¬ 
pressor also. On smaller cars where as a rule the compressor 
has more margin, half speed of this device is ordinarily thouglit 
sufficient even where the main motors operate at full speed. 

^ In the matter of change-over switches, the general tendency 
IS to employ the simple manually-operated type except where 
cars are operated at close headway or are constantly used in 
rams. In most cases, also devices to protect against the wrong- 
voltage are not considered necessary. 

Equipments with Drum Control. I have spoken in all of 
the above w th particular reference to equipments using in- 
direct or moIt.pl, prit tjpe, „t control end primarily with 
erence to those using electropneumatic control. While high- 
oltage equipments are occasionally used with drum-type con- 

wherTca^"^r'^^> equipments with rheostatic control 

temSa " ^ ^ operated in small towns by in- 

r to warrant 

beerdeaSa generalization such as that with which we have 

Power Supply 

driven, ccm„e,t,i m serief C ^ 

object m retaining too fenerators in series such as there w« 

for retaining two motors in series on 

^ bp uhuib m series on the cars, generators for 
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delivering 1200 or 1500 volts directly were soon produced. 
At lirst these were of the ordinary commutating-pole type. 
Such machines now, however, usually employ a compensating 
winding as well as commutating poles. 

The next step in the production of high-voltage d-c. power was 
the use of two 600-volt, 25-cycle synchronous converters con¬ 
nected in series, and while this was considered a radical step at 
the time it was first proposed, the performance obtained was so 
satisfactory that single 25-cycle converters producing 1200 or 
1500 volts on one commutator have now been developed and 
are in successful use. With 60 cycles, the maximum voltage so 
far employed from a single machine is 750 so that two machines 
in series are still required for high-voltage lines. The perform¬ 
ance on this basis, however, is most excellent. 

Common substation practise for high-voltage d-c. lines is now 
to employ single synchronous converters where power at 25- 
cycles is available, and to use either motor-generator sets or two 
converters in series, where 60-cycle power is employed. A 
particularly efficient substation arrangement on the latter basis 
is secured by installing three synchronous converters so arranged 
that any two of them may be connected in series. This gives a 
spare machine at a minimum expense. If a single bank of three 
transformers is used for supplying these converters, a spare 
transformer as well as a spare converter is also secured, so that 
the station is prepared for almost any emergency. 

Switching 

In the matter of switching, the principal changes which have 
been made in handling current at 1200 or 1500 volts instead of 
at 600 volts have been for the purpose of insuring safety to the 
operators rather than for any other reasons. For this purpose, 
switchboard panels have been made higher than for 600-volt 
service and the circuit breakers located on them so as to be out 
pf direct reach. For opening and closing the breakers, long 
wooden rods leading to insulated handles on the lower part of 
the panel, are provided. Where two or more breakers are 
located side by side, large barriers are placed between them to 
prevent any tendency to flash across. Knife switches have also 
been located out of reach in a manner similar to the circuit 
breakers and arranged with rods for distant control. 
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Line Construction 

The first 1200-volt lines employed direct-suspension overhead 
trolley with a special form of porcelain insulators. The catenary 
term of construction offers so many advantages for such lines, 
however, that generally speaking, the most common practise 
IS now to employ this. Several interurban lines are using 1200- 
volt third rail successfully for supplying power but the voltage 

!if certain circumstances, 

tJie difficulty of clearing a car in case of accident and the general 

safety hazard incident to the maintenance of a live conductor so 

close to the ground seem likely to limit the use of this form of 
construction. 

practise on high-voltage systems is that of carrying 
the feeders for a considerable distance from the station before 
tapping in to the trolley so as to limit the possible current flow 
in case of trouble of any kind on the cars. With the excellent 
voltage conditions^ which can so easily be secured on high- 
voltage lines, the slight sacrifice which need be made for the sake 

o protecting the substation apparatus in this way can usually 
be well afforded. . 


Economic Significance 

In studymg the development of 1200- and 1500-volt practise, 
he fundamental point which appeals to me is the ease, success 
and speed with which so radical a departure from previous prac- 
ise has been earned out. In most developments of so far- 
reaching a nature, many sources of difficulty are usually over- 
ooked at first and must be cared for in later apparatus at in¬ 
creased expense. In the high-voltage d-c. railway system, how- 
ever just tte opposite has apparently happened. Many of the 
possible difficulties seem to have been over-estimated in import- 
ance and much of the trouble anticipated has failed to appear. 
It has therefore been possible to gradually simplify and cheapen 
• fundamental parts which gb to make up the system 

instead of havmg to follow the opposite and more usual procedure. 

IS difficult to say whether this exceedingly gratifying condi- 
tmn was due to the more advanced engineering ability of the 
imes, to the inherent simplicity of the d-c. railway apparatus, 
to the very excellent state which such apparatus for 600-volts 
had reached before its extension to higher voltages was attempted, 
or do the fact that^the jump to 1200 or 1500 volts, while seemingly 
radical, really subjected the apparatus to conditions differing 
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comparatively little from those met with in 600-volt practise. 
Whatever the cause may have been, however, the result remains 
as a remarkable tribute to those who shared in its accomplish¬ 
ment. 

The general results of the high-voltage d-c. system have been 
to make possible the construction of interurban lines or the 
electrification of branch steam railroad lines at considerably 
less expense for a given grade of construction than with 600 
volts, or to render possible for a given expenditure the construc¬ 
tion of lines capable of handling much heavier traffic. The 
usual practise has apparently been a compromise between these 
two possibilities, which has served to finally transfer the electric 
line from the street car to the real railroad class as far as transpor¬ 
tation possibilities are concerned, while still maintaining the 
relationship and similarity with reference to the simplicity and 
reliability of the apparatus. With practically no greater ex¬ 
penditure for substations and feeders than the usual 600-volt 
trolley line, such roads are able to employ freight or passenger 
trains after the manner of steam lines in accordance with the needs 
of their business instead of having to restrict them on account of 
limitations in the distribution of power. 

2400 AND 3000 Volts 

The comparative ease with which the use of 1200- and 1500- 
volt direct current was transferred from the realms of un¬ 
certainty to the list of every-day standards^ soon suggested the 
employment of still higher voltages. Inasmuch as the 1200-volt 
system had been brought about by -the use of two 600-volt 
motors in series and as a few motors wound directly for this 
voltage had been produced with no particular difficulty, the 
obvious procedure was to continue the geometric progression 
and connect 1200-volt motors and generators in series so as 
to operate at 2400 volts. 

From a technical standpoint, there was apparently no par- 
ticular difficulty in doing this, and one line installed on this 
basis has had a remarkably successful record. From a general 
standpoint, however, while the results have been welcome as 
a contribution to the development of the art, suitable applica¬ 
tions for this particular voltage are apparently somewhat lack¬ 
ing. For trolley roads of the usual interurban class, it has 
the inherent disadvantage of requiring apparatus which de¬ 
parts too widely from the existing standards with which the 
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operating forces have become faiiiiliar, as well as of not lending 
itself to interchangeable operation over 600-volt lines. For 
heavy traction, on the other hand, this voltage is much too 
low to solve the problem in a sufficiently comprehensive way 
to attract the investment of capital in electrification. Even 
3000 volts, while overcoming the latter disadvantage to some 
extent, does not do so completely. It is regrettable also that 
both 2400 and 3000 volts have been employed and that in carry¬ 
ing on the upward progress in d-c. voltages, 1500-volt apparatus 
was not used at once for coupling in series, for carrying on the 
geometric progression, without the intermediate 2400-volt step. 

Ultimate Limits of D-C. Voltage 

The general limits upon which standard practise in any 
industry ordinarily settles are usually fixed by broad economic 
considerations rather than by physical limitations. It is en¬ 
tirely possible for instance to operate trains at maximum speeds 
of^90 miles per hour or more, yet the maximum ordinarily at¬ 
tained is from 60 to 80 miles per hour. Physically speaking, 
also, interurban cars can be run at speeds similar to these, yet 
the general average on such roads is from 50 to 60 miles per 
hour. These values have been established by gradual increases 
rom lower ones until without any conscious effort, standard¬ 
ization has been automatically secured. 

In the voltages which may be employed with the d-c. rail¬ 
way system, there is some tendency toward this same procedure. 
If no efforts were made to the contrary,-it is not improbable 
that starting from the voltage of 3000, which we have today on 
the Chicago, Milwaukee & St. Paul, we would next hear of the 
employment of 3600 volts, then possibly 4200 volts and so 
on^ up in corresponding steps. Sooner or later, however, a 
point would be reached where, by common consent, these in¬ 
creases would stop, just as this has happened in the matter of 
speed. 

While in a way, such a procedure would be the conservative 
and natural way for progress to come about in the use of higher 
d-c. voltages, its disadvantages are too obvious to require 
mention. The apparently more radical plan of trying to select 
in advance the voltage at which such increases would naturally 
stop and of going at once to this voltage would hence seem to 
e the more rational and really the more conservative as far 
as the general good of the industry is concerned. It has been 
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with this idea in view that our efforts toward the use of direct 
current at 5000 volts are being put forth. With practical 
apparatus for this voltage available, the problems of distrib¬ 
uting and collecting the necessary power for the largest loco¬ 
motives likely to be required can be readily solved so that 
although further increases might be possible, they should be 
entirely unnecessary. 

Operation of 5000-Volt Equipment 

The general construction of the 5000-volt experimental 
equipment on the Grass Lake line of the Michigan Uniteff Trac¬ 
tion Co. and the results of its first few months' operation have 
been so widely covered by the technical press that it is un¬ 
necessary to refer further to them except to say that the equip¬ 
ment is still in operation on the same successful basis, and 
that at the time this is written, it has run a little over-30,000 
miles. During the five months from October 1st to March 1st, 
the car averaged 5295 miles per month on a schedule which 
allows only 15 miles per hour and its record would have been 
even greater than this had it not been for numerous mechanical 
difficulties with the trucks, wheels, brake rigging, stove, pilots 
and other mechanical parts of the car for which the equip¬ 
ment was in no way responsible. During the four months 
of November, December, January and February, which, on ac¬ 
count of weather conditions, are ordinarily considered the worst 
in the year, the car ran 23,320 miles or an average of 5830 per 
month. 

• During this period the car operated through severe snow, 
sleet and rain storms and for a short period even ran with two 
of the commutator covers missing, these having been lost on 
the road. The motors and control were purposely allowed to 
go with a minimum of cleaning and other care, and various re¬ 
ports sent in by the men in charge refer to the presence of wheel 
wash, dirt and other obnoxious substances in the motors and 
switch groups, although no damage was caused by them. 

A half-dozen or so failures have occurred during the winter, 
but these have been mostly in the nature of broken motor leads 
or similar troubles which served merely to test the practicability 
of the use of such a voltage under the general rough conditions 
to which car equipments are subjected rather than to indicate 
any inherent weakness. These troubles showed that this 
equipment could as easily withstand such ordinary mishaps 
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as any equipment for 600 volts. Only two of the failures were 
in any way due to the use of 5000 volts and these consisted of 
grounds on the grid resistance which took place through the 
water-soaked flame-proof covering on certain of the leads where 
the cables had not been properly insulated and supported. 
Such troubles can be easily guarded against on new equipments. 

While as yet only the one equipment now in experimental 
operation has been built, various designs of other sizes have 
been considered and with the special double-armature type of 
motor and double-j aw type of switch which have made this 
equipment possible, unusual flexibility in meeting a wide range 
of conditions can apparently be obtained. 

In most of the considerations of the use of d-c. voltages of 
2400 and 3000, there has always been a certain minimum size 
of motor which could be economically produced and this size 
has been undesirably large for certain classes of service. With 
the special double-armature type of motor for 5000-volt equip¬ 
ments, however, the experimental equipment already in use 
is about as small as would ordinarily be required, although even 
this is apparently not the minimum limit. On the other hand, 
the design seems equally adaptable to large sizes. 

Conclusion 

Broadly viewing the high-voltage d-c. practise which we 
find today, and its significance to the industry, there are four 
ideas which appeal particularly to me. The pernicious flexi¬ 
bility of the 1200- and 1500-volt systems and the innumerable 
alternatives which they present for application to any definite 
case in interurban work, seem to give timely warning of the 
great desirability of early standardization in the matter of higher 
d-c. voltages. The comparative ease with which apparatus 
for these voltages has been developed gives a most encouraging 
feeling for further development along the same lines. The 
possibilities which a d-c. system at 5000 volts would offer were 
the apparatus commercially available make this voltage seem 
a logical one and the results obtained with the experimental 
equipment now in operation give great hope that this voltage 
may some day be established commercially as a standard of 
high-voltage d-c. railway practise. 
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Discussion on ''High-Voltage D-C. Railway Practise 
(Renshaw), New York, April 14, 1916 

Frank J. Sprague:* Mr. Renshaw states that ten years ago 
the idea of approximately 600 volts as the maximum poten¬ 
tial to be hoped for in d-c. railway operation was firmly es¬ 
tablished. I can claim that some engineers at least were not 
deluded with this conviction. 

In the early days of stationary motor development I had 
built some special machines to operate normally at from 500 
to' 600 volts but which in the exigencies of service had been 
boosted to about 1000 volts; and on the 34th Street branch of 
the Manhattan Rlevated in the latter half of 1886, where a 
number of the primary features of the modern electric railway 
were tried out, I operated at 600 volts from a third rail. 

When, a year later, I took the contract for the pioneer trolley 
roads at Richmond and St. Joseph, I adopted a somewhat lower 
potential, 450 to 500 volts, which pressure and system were, 
however, even then regarded as extreme. This standard was 
gradually raised, however, to about 600 volts, and remained 
there for practically twenty years. 

In February, 1890, at the Kansas City Electric Light Con¬ 
vention I stated, as follows: 

*‘As regards the potential, other things being satisfactory, whatever 
pressure is demanded in the interests of economical and effective service 
will be used; and means will be found, consisting mainly in care of con¬ 
struction, which will make its use for the purpose, and as intended, safe 
and. proper. We have in these matters to face the same questions as we 
have in the matter of steam pressure or of railway speed. To accomplish 
the larger engineering feats necessary to meet the demands of economy 
and commerce we will be governed more by the belief in our power to 
fully subordinate a good servant to our will than by our fears of its vagaries 

when allowed to become a master." 

1x1 my inaugural address as President of this Institute at the 
Chicago Meeting, June 18, 1892, I pointed out that we were 
at that time,if using d-c. motors,practically limited to a difference 
of potential of from 1000 to 1200 volts, and that to go above 
that limit it would probably be necessary to put motors m series 
as I had sometime before proposed for long distance power 

In'^MarS' of 1904, in an article in the Electric World and 

Engineer, I said: . ^ 

“While d-c. motors may always be somewhat at a disadvantage in the 

matter of individual potential, when there is a plurality of motors, as in 
the large locomotive, it is quite possible on a d-c. system to work up to 
1700 or even 2000 volts on a single trolley line, maintaining a maximum as 
inregular useon the Berlin Elevated, of fromSSOto 1000 volts onindividual 
niotors; and if a tliree-wire system be used it is quite possible to make 
use of a maximum t rolley potential of nearly 4000 volts.” _ 

*Abstract of discussion published in August, 1916, Proceedings. 
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On the introduction of the interpole in stationary motor con¬ 
struction, I recognized the benefits of this construction for rail- 
way motors and advocated its adoption, pointing out that it 
would make possible an immediate increase in potential for 

direct-current railway work from 1200 to 2400 volts, without 
question. 

In 1906 I urged upon the engineers of the Washington, Balti¬ 
more and Annapolis line the adoption of 1200-volt d-c. oper- 
ation, and in the fall of the same year, I recommended to the 
consulting engineer of the Central California Traction Compariy 

' Zu recommendation 

“stallation, the first of the kind, went 

ahead on this basis. 

A month later I discussed quite fully the details of the 1200- 

Pacifi^RSw consulting engineer of the Southern 

the ^5'i/eco“imended this potential for 

the Oakland suburban lines of the Southern Pacific system. 

neZs in No^^fonfi ^American Institute of Civil Engi- 
the condh?nn’ attention to the fact that, comparing 

imoortant and radli^ii ^ couple of years earlier, three 

mportant and radical developments had taken place in d-c 

motor constraction, the first of which was the use of the com" 

SbirSh^^ additional facilities in control, made 
1500 voL^ with thl^? construction of d-c. motors at from 1200 to 

of operating two in series 

in the construction of the New 
“ "“of' ‘iio hitherto 

the armature and tL feMmaJLS,' "I ioot™®” 

occasion to point out that thtf^o abandoned, gave me 

machine without commutatog i2«<>-™lt 

risiSarf'LlouthemfadfcRS^^ Sacramento Di- 

trical equipment o^rated ^'th ^ 
at the subSnXrd-fai^^^^^^ 
sibihties of electrical brakini both ’ d 

through the use of independentlv n regenerative, 

on the Chicago, Milwaukee and St. Paid equfpmenT 

I useMoTIhe fie?d™ell as Elevated in 1886, 

SXSeTbrilJ“ 

1885. Boston Society of Arts in 

loS, 1907^”£k M"LrartiSr^ Supple^e., of April 
as follows: ^ curiously exact prophecy, 

appHed to radw^y dfctri£tio^''wiiremp?^^^^^^ 

nature of 2000 or 3000 volts and thll ^ 7 ^ pressure more of the 
have come into extended use’” ^ systems will, m all probability. 
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This is the year 1916. For practically twenty years the poten¬ 
tial for d-c. railways remained unchanged at 600 volts. In ten 
years it has jumped to 3000 volts on the Chicago, Milwaukee 
and St. Paul Railway, one of the typically most difficult, and 
embracing in its 437 miles of line more route mileage than all 
the trunk line electrifications in the world. The 11,000-volt 
15-cycle system is non-existent in this country, and not a 
new single-phase railway motor is now installed here except on 

the few systems remaining. . . . . -n 

William J. Davis, Jr.: I do not think the Southern Pacific 

electrification presents any new problems at all. The discussion 
to-night seems to be along the lines of increases in voltage far 
beyond those used on the Southern Pacific. The Southern 
Pacific electrification has been in operation about seven years, 
and the success of the installation has been very marked. 

As regards the tendency to higher voltages, it would appear 
that the proper voltage to be chosen for a given instal^tion 
would depend upon the maximum tonnage to be hauled and 
limitations as to speed. The tonnage capacity of a system is 
dependent, we may say, upon the number of tracks that are 
in service. In a single-track road, if heavy tonnages are to be 
handled, it will be necessary to adopt higher voltages than would 
be necessary for a road having sufficient traffic to require two 
or three or possibly four tracks.^ In the case of a four-track 
road, all the tracks being in multiple, the drop in voltage in the 
track is greatly reduced, and we also obtain the advantage oi 
the copper trolley wire or third rail for all four tracks in multiple, 
so that even when locomotives^ of very large powers are 
say 3000 or 4000 horse power it will be found in so far as the 
distribution system is concerned, that a moderate yolta^, 
possibly 1200 or 1500, would prove as effective in handling the 
traffic as would 3000 volts, or more, in the case of a single-track 

or double-track road. . . . 

In a reduced number of tracks, some economy is gained in 
going to higher voltages, but the exact and most desirable 
voltage would depend not only on the saving in the amount of 
copper, but also on the load factor on the substations and 
cost and number of locomotives required to handle the traffic. 

In a single-track freight road, it will be found that upon the 
basis of the weight of trains now in use, very little improvement 
in load factor is secured if the substations are placed more than 
thirty or thirty-five miles apart. With this spacing, the copper 
required for delivering 3000 or 4000 horse power to a train is 
not at all excessive at 3000 volts, and is fixed almost as much by 
mechanical reasons and current carrying capacity as by the 

desire to secure a low drop in voltage. 

Substation capacity also as applying to the whole system is 
not materially reduced, for the reason that the synchronous 
converters and motor generator sets are usually designed to 
stand three times normal load for a short time, and so long as 
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at least 33 per cent load-factor is secured there will be no saving 
in the total araount of substation apparatus- 
The whole problem, therefore, appears to be narrowed down 
to the question as to the number of locomotives required on a 
given division and their cost. As a general rule, the cost of the 
locomotives required for handling the traffic of a single-track 
^^ ^ amount to about one-third of the total cost of the 
electnfication If therefore, there is a material increase in the 

locomotive as compared with one for 3000 
volts this increase m cost may prove the determining factor, 
n the case of the Milwaukee electrification, forty-two loco¬ 
motives were required, and an increase in their cost of fifteen 

increase in voltage, would exceed the total 
voltq system as required for 3000 

would he (yrpJlTf ^ road in which the locomotives 

ould be greatly increased in number, this difference would be still 

Tt e^eS; limitations of voltage possibly 

frrip-ht tr! 3000 volts as applying to most of the heavy 

p S H on trunk line railroads. 

Mr f Pleasure to endorse much of what 

Srect cS?enT ^ excellent features of high-voltage 

futS tharwhh^tf r’ “ore concerned with the 

mite is verv a tl^e ulti- 

^ well covered m his statement that: “The sreneral 

eTtles aL°usuSh ordinarily 

tfaSp\"S 

that while it s nos^hlf tn o ? “entions as an illustrati on, 
the usual pJalfce ft hi, ^^^her speeds than 

to do so. I befefe the qIestioVTh-T''T^^ 

be subject to the results nf aIII. • ^ ^'O- voltages will 

will be 3000 or 5000 .IrSf, ^ experience, and whether the limit 

iv be deter2^^n^dT‘‘te^^^^^ 

Under d-c. operatiof ?hl 1?^- f g^^e^al scheme, 

ciation of some of these festifr^ eost, maintenance and depre- 
operating voltage, while other little affected by the 

as to be a determining infllenfe^S thl^-^lf,-® ^4^ affected 

Sion transmission Ses Sd trad I ^^igh-ten- 

features first mentioned drl tf ^ bonding are in the class of 
stations as wT sl-kation ^he sub- 

generally increases in cost fi killS“ u established type 
in voltage for which it is^decjl^ipa the increase 

fewer substations at hide^vS/lu be 

traffic usuaUy becomes greater by Ssodo/S°T^ included 
between substations, and therefore ther^ i, hi® longer distance 

“ The So^llf ^’^’^^^^tion equipment. reduction 

The „„ featoes pn„cip.„y aSe'cted by the choice of voltage 
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are the secondary distribution copper, including contact con¬ 
ductors and the rolling stock. A careful study of the respective 
merits of 3000 and 5000 volts was made in connection with the 
Chicago, Milwaukee and St. Paul electrification. There appeared 
to be little difference in the initial cost as a whole, the reduction 
in copper at the higher voltage being offset by increased cost 
of the locomotives. On the basis of 3000 volts the relative 
value of the different features in respect to each other may be 
illustrated by the following percentages: the high-tension trans¬ 
mission line complete, about 10 per cent; track bonding, 4 per 
cent; substations complete, about 18.per cent; the overhead 
construction, feeder copper and trolley complete, about 28 per 
cent; and the locomotives about 40 per cent. The 3000-volt 
copper for feeders and trolley only being something less than 20 
per cent, and the locomotives being about 40 per cent it is not 
surprising that the reduction in copper at 5000 volts would have 
been offset by greater cost of the locomotive. 

Considering depreciation and maintenance, it is better that 
an equivalent expenditure should be in copper rather than in 
locomotives which require maintenance and upkeep. To econo¬ 
mize in copper and pay an equal amount for more expensive 
locomotives would be a transaction on the wrong side of the 
balance sheet. 

Mr. Renshaw’s comment with respect to 2400 and 3000 volts 
is in the main well taken. The Butte, Anaconda and Pacific 
might well have been 3000 volts. Occasions may arise, however, 
where the use of developed apparatus may be utilized to advan¬ 
tage at some other voltage than that for which it was^ originally 
designed,—a case in point is an electrification requiring loco¬ 
motives with the same tractive power as those used on the Mil¬ 
waukee, but at a speed of 12 instead of 15 miles an hour. It would 
be unnecessary expense to redesign this equipment for lower 
speeds when the same equipment at 2400 volts will give the 

speed desired. 

Within the requirements of railway motor design multiples 
of 750 volts seem to be about the higher practical liniit for ad¬ 
vantageous winding. For the speeds usually required it is about 
as easy to wind a motor for 1500 as it is for 1000 volts, there¬ 
for multiples of 600 or 750 volts as a maximum naturally fall into 
line as the preferred voltages for d-c. operation 

Mr. Renshaw in advocating 5000 volts makes this comment,— 
“With practical apparatus for this voltage available, the problems 
of distributing and collecting the necessary power for the lar^st 
locomotive likely to be required can be readily solved, so that 
although further increases might be possible they should be entire¬ 
ly unnecessary.” There is at present no necessity for 5000 volts 
to successfully handle the distribution and collection of^ the 
necessary power for the largest locomotive likely to be requii^<ff 
The collection of power for the Milwaukee locomotives at 3000 
volts is a complete success, there being no sign of arcing at the 
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contact between the pantagraph and the trolley wire in either 
freight or passenger service. Although the locomotives are 
equipped with two pantagraphs, a single one only is used; the 
current taken on the mountain grades being 800 to 1000 amperes, 
at 15 miles an hour by a single freight locomotive, and the same 
current at about 30 miles an hour in passenger service. The prob¬ 
lem of successful current collection is greater at the higher speeds, 
and experimentally over 1500 amperes have been collected at 
• over 60 miles an hour with a single pantagraph and no sign of 
arcing. The success on the Milwaukee is due both to the arrange¬ 
ment of the pantagraph collectors and method of supporting 
the contact conductor. Each pantagraph is provided with 
two collecting pans lined on the bearing surface with copper 
strips, and the contact conductor is two 4/0 copper wires which 
am in contact with each other in the same horizontal jolane. 

he hangers supporting each of these contact conductors from 
the catenary are alternated so that the hanger of one conductor 
is midway the span of the other. The object of this arrange¬ 
ment of hangers being to minimize any inflexibility in the sup- 
port of the conductors. For the successful collection of current 
without arcing it is absolutely essential at all speeds that in¬ 
timate contact be maintained between the pantagraph and the 
contact conductor, ''and this, can best be accomplished by so 
supporting the conductors with loop hangers, allowing freedom 
of vertical movement without the added inertia of the catenary, 
ihe upward pressure of the pantagraph should further be suf- 
fiaent to slightly lift the contact conductors. The contact 
conductors are, therefore, lifted and carried free of the support- 

pantagraph in its passage. We found 
of tests, that the wear of the pantagraph col- 
fStiL ^ conductor was due not so much to the 

Sibk incipient arcing, so small as to be hardly 

colWi^a imn effect. As an illustration, when 

collecting 1000 amperes, the rate of wear with 20-lbs nressure 

tf brh^^n conductor was about double what it^proved 

for the Milwa^uke?2^£ ^Rufiffnir cT® Pressure adopted 

spaces was essential to maintaining a smooth surface and for 
this purpose a mixture of grease and graphite was usS Tt 
mght be expected that lubrication would increase resistance of 

StoVal rtf'- aaSonSSfo 

of MOO toils 

can oe successtully operated. The substation 
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equipment would not differ materially from a 3000-yolt installa- 
tion. The locomotive motors, however, because of the additional 
insulation required, and doubtless some change m the^desi^ 
would have less power for given size and weight, and in all prob¬ 
ability, a greater number of motors would be required or a 
riven service. The locomotive control equipment for 5000 
volts seems to be principally a question of the additional space 
required for insulation and for the more extended arcing of the 
contactors. Experimental operation of the Butte, Anaconda 
and Pacific locomotives at 5000 volts gave opportunity _ o 
trying out the control devices under conditions approximating 
service operation. Arcing and flashovers at 3000 or 5000 volts 
are more startling, but seem to be even less destructive to the 
apparatus, than at 600 volts. The high-voltage arc seems to 
spread over more surface with less local burning than at the 

lower voltage. . . i ^ 

The results of operation on the Milwaukee have been exU erne- 

Iv gratifying. Nothing has occurred in connection with the use 
of 3000 volts that might not well have happened with 600 volts. 
Minor troubles have developed in the auxiliary devices, particu¬ 
larly on the locomotives, which are more annoying than serious, 

and can easily be corrected. „ , , 

The regenerative feature of the Milwaukee locomotives has 
in every way been as successful as anticipated. The eastern 
grade of the Rocky Mountains is 2 per cent for 20 miles, and both 
freight and passenger trains are taken down this grade withou 
air brakes more steadily and smoothly than they run even on 
the level, and without the delay incident to inspection of brake 
shoes and wheels as required when air brakes are used. On t e 
lesser grades, where an occasional application of air brakes has 
formerly been required, regeneration is also made use of to 
control the train at whatever speed desired ^exibility of 

d-c. regeneration makes it particularly suitable for the regulatio 

of trains over a variable profile. tr, 

I quite agree with Mr. Sprague that it would be unwise to 

say that 3000 volts is a finality, and having in mind the economic 
problems that have to be dealt with, and that railroa.ds are oper¬ 
ated for profit, there would be even less wisdom in the arbitrary 
establishment of a standard not based on experience. ^ ^ 

Calvert Townley: I can endorse the last speaker s remaiKS 
against the establishment of a standard voltage or 

now what shall be the limitations of future practise. I believe 

that the Institute and all engineers individually should encourage 
every possible advance in the art, and developments such as the 
one described in Mr. Renshaw’s paper clearly indicate that 
substantial progress is still being made. Every improvement in 
fundamentals even if accompanied by some unfavorable con¬ 
struction limitations which are not fundamental should be we.- 

In commenting on the necessity for lookmg at every problem 
from all angles when selecting a system, the last speaker quite 
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properly favored a greater investment in the excess copper 
required by a lower voltage system and which depreciates very 
little, against the same amount put into the increased cost of 
the^ motors and auxiliaries of a higher voltage system where the 
maintenance and depreciation are both greater. It must be borne 
in mind, however, that a system which permits the use of a hi^'her 
voltage scores a distinct fundamental and permanent advance in ' 
the art while whatever may be the present offsetting disabilities 
or increased equipment costs, these are largely temporary. We 
are just beginning to make 5000-volt equipments and 3000- 

Zf The history of all electrical 

^ confidently expect improve- 

™ - entirely remove such tem- 

sneSer cdSfh! if any, as may now exist. One 

3000 vnlf example to prove that a 

that'thJf Tf ^ ^ enough, concluding therefore 

remarVp^ +L+° f ® trying to use higher pressures. He 

ntfa a I 500,000-circular mil feeder is 

needed throughout the entire length of line Without nontjincr 

note thS a MoS 1 interesting to 

5Sfs td ^oundfofTper.'wSk’ wftir 5000 

no sense aUemuT^to d^olv^^ Institute should welcome and in 
as is described in the nane/of ^ttidamental advance such 

gratulate 

progress has been made possible. ^ ^ designers that such 

in avdHbi?contiLoL-Srr?nTvd^ marked increases 

to ask why this sudden activity-tilj P" mteresting 

after years of practically ho oroCTess whZf matenal advance 

have become rather firmly establfshed ? f seemed to 

in the increased demands of the new the answer largely 
electrification and the develonmAnf T ^®id_ of heavy railroad 

which threatened to monopoHze thih field^^Tt^^f® 
competition has supplied the neeiL stimulus of 

exertions in the study of continuou^cuS^n^n 'wr.- 
tinuous-current apparams was to * Possibilities. If con- 

_hea\w railroading^h was necessarv serious consideration in 
in the excessive costs of that reduction 

advantage taken of simplificatimi of every 

have not changed. l7is still necessarv°fn Tr^®® conditions 
current system to be bettered A 3nnn 1^7® continuous- 

enough to more than incidentally share Z V^ Sood 

ae„t to provatl ovor available ' 
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it is however a long step in the right direction and we should 
welcome and encourage it in,every possible way. 

S. I. Oesterreicher: While in Mr. Renshaw’s paper only 
general outlines of the underlying fundamental principles of 
high-tension d-c. railway practise are discussed, perhaps, it 
will not be out of place to mention certain details of modern 
d-c. railroad practise. 

Mr. Renshaw does not mention storage batteries in connection 
with high-tension d-c. railroad work. From this I infer, that 
Mr. Renshaw does not deem it practical to consider such, for the 
voltages which are discussed in his paper. 

■ While there are, no doubt, considerable difficulties about a 
floating battery on a say 3000-volt equipment, however it cer¬ 
tainly would be worth while to investigate these difficulties 
for the sake of the advantages gained from the economic oper¬ 
ation of the installation as a whole. 

The greatest handicaps for such a storage battery project are 
purely commercial. Naturally this side of the problem must be 
determined, from case to case as it is presented, and for which 
no definite rules can be set down in advance. 

From the technical side there can be no question, that it is 
entirely feasible to build and operate with perfect reliability 
a storage battery for any reasonable moderately high-tension 
voltage. 

To give this statement some weight, I will cite a 1100-volt 
d-c. railroad equipment as designed by Mr. Fischer, chief engineer 
of the Budapest City Railroad Co. This company operated in 
1912 about 56 miles of tliree branch lines, having a total of 
about 124 miles of tracks. 

On one of these lines, with a length of about 30 miles, there 
are one generating and two substations. Power is generated at 
11,000 volts, 42 cycles, 3 phase, and supplied to motor generators 
in the substations. The generators in the substations generate 
on this particular line 1100 volts, direct-current. 

Upon the d-c. bus is connected a Tudor type 484-cell 1000- 
ampere-hr. battery which floats upon the system as any other 
standard battery. 

There is nothing remarkable or special about this installation 
as a unit. The battery is standard in every respect, except the 
battery room, vffiere the floors and wall are insulated from the 
building. 

Even on a three-wire installation, having as potentials 650 
and 1100 volts,.there is no difficulty experienced from the battery. 
The. only special auxiliary in this double-voltage equipment is 
the counter-e.m.f. booster regulator. This set consists of a 
600-volt d-c. motor and six generators mounted upon the same 
shaft. The operation of this set is however standard. Each 
three generators taking care of one side of the system. The 
voltage regulation of the booster regulator as well as the load 
diwStribution between generator and battery is entirely automatic. 
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Another^ interesting feature of this Budapest system is the 
overhead line construction, with its flexible trolley wire suspen- 
sion, upon the messenger cable. The trolley wire is allowed to 
slide lengthwise oyer^the tracks, to adjust itself automatically 
to the climatic variations, allowing a free contraction or expan¬ 
sion of the wire without additional sagging under the suspension 
clamps, and from^ which it follows that sparking is almost en¬ 
tirely done away with. Counter-weights of about 3000 lb. at every 
mile or mile and a half or so about take care of the even trolley 
tension oyer fheir respective sections. 

Benjamin F. Wood: I have been connected with a system 
that has standardization in fact, and lately I have changed to a 
^tem that has standardization, to a great extent, in theory, 
ihe trolley ^car man wants everybody to adopt his stand¬ 
ard. I noticed in the first picture which was thrown on 
the screen that there were four or five voltages shown. It 
d^es seem^that some standardization is desirable, but I think that 
the electrical man is getting himself into some difficulty with 
the railroad people when he talks about cost and the little re¬ 
finements connected with the efficiency of operation. I made 

I 1 1 * "I O one time on the electrification of a double¬ 
track line, 130 miles long, operating 3000 to 3500-ton trains, 
at twenty minute intervals throughout the day, at a maximum 
ratingoi0.2 per cent, and found that could be done with 600 
volts. The difference in cost between the different voltages 
was comparatively small, only 2 per cent on the total, and the 
cost of operation would be only a few per cent. When you 
realize that the total fuel cost on a trunk line is only five or 
six per cent of the operating expenses, and you have got to sell 
power to the steam railroad at approximately the cost 
ottuel when you take over that operation by electric service, you 
will see that when you come to save five per cent, or ten per 
cen , even, of this fuel percentage, it is of trifling importance 
when compared with dependability of operation. That is 
the priniary thing. The railroad man wants something he can 

going to operate continuously and reliably, and that is 
e end to whi^ all efforts at standardization should be directed. 
Ernest V. Pannell: ^ If I have understood Mr. Renshaw’s 
conclusions correctly,he is stronglyin favor of the motor, insulated ^ 
tor 1200 volts and commutating only 600 as opposed to the 
motor which operates at a terminal pressure of 1200. Now this 
operation of two motors in series on a 1200-volt trolley has always 
seeme to represent only half a solution of the high- 

railway problem. It is expedient where a considerable 
the running IS on the 600-volt trolley but one usu¬ 
ally finds that where interurban cars operate within city limits, 
the_ switch, over from 600 to 1200 volts occurs at the end of the 

area so that the motors take up full speed just as. 
soon as full speed is permissible. 

design of high-voltage- 
motors are two; those of insulation and coxnrnutation. In 
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constructing a motor which will operate in series with another 
on 1200 volts, the first problem has to be met. Clearances have 
to be sufficient to take care of flashover, projections in the inter¬ 
ior have to be rounded off and extra slot insulation carried. 
In a recent instance the slot space factor of a 150-kw., 1200- 
yolt motor worked out at 37.5 per cent whereas the correspond¬ 
ing 600-volt design would probably have a value of 50 per cent; 
in other words an armature of given size has a capacity 25 per 
cent lower when insulated for 1200 as compared with 600 
volts. Now in making the additional modifications for running 
the motor direct on 1200 volts the commutator bars have to 
be increased in number, possibly by 100 per cent and the arma¬ 
ture, if a two-turn winding reduced to one turn. Simultaneously 
however the amperes per motor for a given output are reduced 
by some 50 per cent this makes it possible to shorten up the 
commutator by a similar proportion. Although on account of 
the space required for bearings, fan, etc., it is impossible to add 
to the core-length every inch saved on the commutator, it will 
usually be found practicable to increase the core by two to 
four inches and by this means the armature will carry a greater 
flux. On the foregoing basis therefore, a motor of given weight 
will actually have a greater output with 1200 terminal volts 
than where it is one of a pair designed for working in series on 
this potential. 

As Mr. Renshaw implies, the question of dollars and cents 
will ultimately settle the maximum voltages for railway operation. 
We do not run our trains at ninety miles an hour because the 
cost of track maintenance and power for operation would be 
prohibitive. Similarly an economical maximum voltage will 
be evolved beyond which the extra cost and maintenance of 
the equipment will outbalance the economy on the line copper. 
Because 1500 volts i^‘ about the maximum which can be applied 
to a railway motor commutator in service with reasonably 
satisfactory results I would set the maximum desirable trolley 
pressure at 3000 volts in the present stage of the art. 

A. H. Armstrong: There are two rather positive statements 
made in Mr. Renshaw’s paper and to bring them freshly to 
mind I will quote. With reference to the use of 2400 volts the 
author states “From a general standpoint, however, while the 
results have been welcome as a contribution to the development 
of the art, suitable applications for this particular voltage are ap¬ 
parently somewhat lacking.” On the next page the author goes 
on to state, “For heavy traction on the other hand this voltage is 
much touo low to solve the problem in a sufficiently compre¬ 
hensive way to attract the investment of capital in electrification. 
Even 3000 volts, while overcoming the latter disadvantage to 
some extent, does not do so completely.” The author then goes 
on to make the suggestion that 5000 volts direct current be 
adopted and standardized as the proper d-c. voltage for electri¬ 
fication work. 
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A number of years ago on the floor of this Institute the sug¬ 
gestion was made to standardize the 15-cycle a-c. single-phase 
motor system as the standard equipment for steam railway 
electrifications. At that time not a single 15-cycle a-c. motor 
was in operation in this country, and but one installation has 
been made in the many years which have since passed. To¬ 
night we have the suggestion that 5000 volts direct current be 
standardized although there is only one experimental car equipped 
with _5000-volt d-c. apparatus which has been in intermittent 
experimental service for a period of a few mpnths. 

There are in operation in this country three very extensive 
railway systems using d-c. motor equipments of 2400 to 3000 
volts, and contracts have been let for similar apparatus for two 
other dnstallations also of some magnitude. In view of these 
facts it therefore seems pertinent to 'approach the proposal to 
standardize dOOO-volt d-c. apparatus by asking two questions. 

1. What facts are behind the two statements made by Mr. 
Renshaw in which he broadly discredits 2400 and 3000-volt 
apparatus as being applicable to main line electrification? 

2. What experience is behind the suggestion that 5000 volts 
be adopted as a standard d-c. potential and what advantages 
does it offer? 

The sweeping statements that 2400 and 3000 volts direct 
current “are much too low to solve the problem,” cannot be 
accepted without advancing sufficient facts to disprove the 
economic fitness of the apparatus now operating successfully 
on three railways and under construction for two more. Espe¬ 
cially is this so when one electrification at 3000 volts has a route 
mileage greater than the combined length of all the electrification 
thus far completed in this country to date. It is therefore 
impossible to let go unchallenged the broad statement that po¬ 
tentials considerably higher than 3000 volts' direct current must 
be resorted to in order “to attract the investment of capital 
in electrification. In the absence of any facts supporting the 
claim that 3000-volt d-c. locomotives cannot successfully meet 
the requirements of heavy traction service, it is not out of place 
to refer to some of the fundamental features of the C. M. and S. P. 
electrification operating at that potential. 

This electrification extends over four steam engine divisions, 
a total of 440 route miles across three mountain ranges, the 
1 Bitter Root mountains, and presents all the 

problems confronting operation over a broken profile from, level 
track to long sustained grades of 2 per cent. ‘ This 440 miles 
01 track is fed from 14 motor-generator substations, having 
an aggregate installed capacity of 59,500 kw. full-load rating. 
In each of these substations there is one motor-generator set 
serving as a complete spare so that in normal operation of the 
QQ nAA ag^egate substation capacity running is limited to 

^ 1 - total d-c. load on the 14 substations will prob¬ 

ably be less than 14,000 kw., giving a load factor of over 40 
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per cent of the aggregate running capacity of the substations. 
This remarkably high load factor is secured by spacing the 
substations some 32 miles apart as permitted by trolley distri¬ 
bution at 3000 volts direct current. This substation spacing 
is obtained in most cases with only one 500,000-circular mil 
feeder reinforcing the two 4/0 contact trolley wires, the exceptions 
being the 2 per cent grade over the Rocky Mountains and the 
1.7 per cent grade over the Bitter Root Mountains, in which 
locations 1,400,000-circular mil and 1,000,000-circular mil feeder 
cables respectively reinforce the trolley. 

We have then in the St. Paul electrification a good example of 
what can be done with 3000-volt trolley distribution and the 
above statement gives evidence that substation spacing is 
approximately 32 miles, the feeder copper installed is entirely 
reasonable and furthermore the load factor of the motor gener¬ 
ator sets running in the substations under normal service is very 
good indeed. Furthermore, the 33,000 kw. running in the 14 
substations furnish power to 42 main line locomotives and 2 
switch engines having a combined continuous rating of 127,000 
h.p. or 95,000 kw. which is further proof that the substation 
spacing is sufficiently great to profit to a large extent in the matter 
of diversity factor of the several locomotives operating and as¬ 
signed to each division. A statement of the Butte, Anaconda 
and Pacific Railway operating at 2400 volts direct current would 
add further facts to those cited in the case of the C. M. and S. P. 
and these facts are submitted as substantial evidence that 2400 
and 3000-volt direct current are sufficiently high to adequately 
take care of the demands of main trunk line electrification. 
The train weight on the St. Paul totals 3500 tons gross including 
locomotives, and these heavy trains operate against a 2 per cent 
grade at 15 miles per hour. On the Butte, Anaconda and Pacific 
trains of 5000 tons gross are being operated against a lesser 
gradient and the average drop in trolley feeders and ground 
return on either road will be found to be less than 10 per cent 
under the average traffic demands and possibly 20 per cent 
maximum under certain conditions of operation. 

It may seem attractive to always consider the use of still 
higher voltages, but it must be recognized that very high volt¬ 
ages impose their burden of expense and complications upon 
the motive power and substation apparatus until a point is 
reached where these costs become so excessive as to more than 
offset the reduction in feeder copper and other advantages of a 
high distributing voltage. There is nothing inherently inexpen¬ 
sive in a high-voltage locomotive and there is little saving in 
the first cost of the entire installation by transferring a certain 
portion of the initial investment in copper to a corresponding 
increase in the cost of locomotives which is the result of going 
to higher potentials. 

Referring again to the proposal to standardize 5000 volts 
direct current, I do not share with Mr. Renshaw the conclusion 
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that this potential is a natural selection or in any way represents 
the last word in the development of d-c. locomotive equipments 
Before the decision was made to adopt 3000>volt d-c. apparatus 
for the C. M. and S. P., exhaustive experiments were carried 
out at Schenectady with d-c. apparatus operating as high ^ as 
6000 volts with an idea of determining if possible the limiting 
potential of d-c. apparatus. No such limits were discovered, 
as with the hastily constructed apparatus tested, it was found 
possible to successfully open 6000 volts on contactors, circuit 
breakers and fuses assembled for the purpose and furthermore the 
current used was obtained from motor-generator sets and was of 
sufficient volume to demonstrate the successful operation of d-c. 
apparatus at this potential in commercial service. To my mind 
therefore it is not a question of the feasibility of operating d-c. 
equipment at higher than 3000 volts, but rather what advantage 
either in first cost, cost of operation or increased facilities does 
the adoption of a higher potential offer. 

The 5000-volt car fed from a mercury rectifier tube referred to * 
by Mr. Renshaw constitutes a most interesting experiment 
but in no way forms a sufficiently solid basis for a recommenda¬ 
tion to adopt 5000 volts direct current for heavy traction electri¬ 
fication. If facts can be disclosed which will discredit 2400 and 
3000 volts direct current then it will be time to consider the 
initial installation of d-c. apparatus at a higher potential, and 
its successful performance perhaps in time may lead to the 
adoption of a general standard d-c. potential higher than 
3000 volts. With the facts at hand, however, I see no reason 
to go to a higher potential than 3000 volts even to meet the 
requirements of the heaviest kind of trunk line service. In 
fact there is much more reason to suggest standardizing this 
potential with the weight of experience behind it than to blindly 
adopt a higher potential not yet in commercial service on any 
scale commensurate with the problems to be solved. 

^ Selby Haar (by letter): I should like to have Mr. Renshaw 
give his reasons for preferring 5000 volts as the standard. Viewed 
as a multiple of 1200 and 2400 volts it should, apparently, 
suit him less than 6000 volts, which is derived from 1500 and 
3000 volts. Furthermore I do not see that it is obtained by 
rectification of a-c. voltage or potential any more conveniently 
than some other potential of the same order of magnitude. 

Carl Schwartz (by letter): Mr. Renshaw’s pap.er in calling 
attention to the successful application for railway operation of 
direct current of sufficient voltage to compare in ecomony of 
transmission favorably with single-phase alternating current 
>suggests a potential of 5000 volts as a standard operating voltage. 

^ Without desiring in any^ way to detract from the value of 
standardization, I would like to caution against prematurely 
adopting a standard high d-c. voltage for railway work. 

We have in operation a variety of systems with different 
pressures so that the ultimate loss on account of lack of stand- 
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ardization should not be materially increased if standardization 
was deferred until we . are able to foresee more definitely what 
the future will bring us in new developments and experience. 

Practically all standards are the result of gradual development 
to a degree where a further increase in perfection or efficiency is 
either impossible or unnecessary and it seems questionable 
whether we have reached this point as far as voltage fpr electric 
train operation is concerned. Standardization if adopted too 
early either means a check in progress or if progress is not stopped 
standardization automatically fails. 

The paper further permits the conclusion that if high-voltage 
direct current is as successful as it promises to be, the future 
standard system, if such a thing is possible, has increased 
chances to be direct current rather than single-phase alternating 
current. 

The writer has refrained from taking part in discuLSsions con¬ 
cerning the relative merits of single-phase alternating current 
as compared with direct current for electric traction. There is 
one feature in his mind, however, for many years and that is the 
difficulties connected with the generation of single-phase alter¬ 
nating current. These difficulties are usually reflected by appre¬ 
ciably higher cost of current and greater chance of disturbances 
in the generating station. 

If these difficulties can be eliminated by the use of direct 
current, still retaining essentially the advantages of single-phase 
a-c. transmission, a long step in advance will be made. 

The principal reason for the relatively limited electrification 
of steam railroads is not that steam railroad men have failed to ap¬ 
preciate the advantages of electric operation but rather the fact 
that so far the investment required for all of the electric traction 
systems has been so high that it was in most cases hopeless to 
expect a saving in operating expenses to pay for the additional 
fixed charges. 

Mr. Renshaw’s paper indicates that this handicap shows 
signs of becoming materially reduced. 

N. W. Storer: The point in Mr. Renshaw’s paper that should 
appeal most to the railway engineer is the portrayal of the great 
progress that has been made in the car and locomotive equip¬ 
ments for operation on increasingly high d-c. voltages, cul¬ 
minating in the 5000-volt car equipment that has been in opera¬ 
tion during the past year at Jackson, Mich. The operation of. 
this equipment has been a revelation to all concerned and it 
may be interesting to discuss briefly the main points of interest 
in it, even though it has been partially described in the technical 
papers. 

The development of this equipment was carried out in pur¬ 
suance of a settled determination to find, if possible, a limit to 
d-c. voltage for railway purposes, or at least to see if it is possible 
to arrive at one which would be high enough to meet the re¬ 
quirements of heavy electric traction in extreme instances, and 



376 


D-C. RAILWAYS 


[April 14 


to do this economically. The development of 5000-volt ap¬ 
paratus was started several years ago at a time when 2400 volts 
was the maximum d-c. potential that had been installed on any 
line in this country. It was known that an experimental line 
was in operation in England at 3500 volts, d-c., but no informa¬ 
tion concerning it was available at that time. Since then, I 
have had the pleasure of riding on this 3500-volt car and have 
inspected the equipment. ^ Owing to limitations in the sub- 
station generator, the equipment has been operated most of 
the time with the motors all in series giving half voltage and 
half speed However, the commutation of these motors was 
excellent at full voltage and practically no trouble had been 
experienced with any part of the equipment, except the dyna- 

STd cUSoT' furnishing power for lights, control 

This experience corresponds closely with that of the 5000- 
vo equipment, except that the latter has no dynamo tor 

fixation, or any voltage that is applied 
to the electnfication of a heavy traction line, should be sui^table 

iTcefh'e multiple unit cars as well. 

5 equipment, which has been in operation, 

saTd S hi P- ffris can safely 

A®. multiple-unit car operation. In view of 

motSf At to the voltage of a small 

thATf tAtAA greater than in a large motor, it would appear 
^ easiOT to build larger equipments and loco- 

shoSd be LiieJ problems of insulation and commutation 

thinkTth?/'i-AA/^''A^’® 'fAussion, it may be inferred that he 
the motoALH <f AA ""^^^fruction. Certainly, the designs of 

AATof tfoA A ^"® from the ordinary 

types of motors and switch groups for car purposes. However 

principles amAAAt ^^l^iipment will show that the 

tvnesSd thA *^°®® f^® standard well-known 

jpes and that the difterence is in appearance only; the voltaee 

SOoAolt AAAAAA fbe ordinary 

lavers of the ^ ''^olta^es between the upper and lower 

H>S volt AAPA ?h ^re no greater than with any 

the PSaPAfoAlt’ A® “rnber of field coils is less than on 
the entire -motor AP ® moter; m fact, throughout practically 

ordinary 600-volt motor. Practically all that has to be LeiP 

HowA-ell this of the armature windings from ground. 

S? had mA AAr A nP A f be fact that after the 

U ^chiTAdA.mAtA““A^^°'' off and a hole about 

as that o£ .„y eOO-volt m“Sran1'“h5“ h\“^?vrbTn"fa2 
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of flashing in-the motor, they have, without exception, been due 
to abnormal causes, such as reversed commutating fields or 
broken brush-holder cable, and in no case has there been any 
damage resulting from this. 

The operation of the switches with the arc splitters has been 
so successful that there appears to be no difficulty whatever 
in designing switches to handle any reasonable amount of power 
at this voltage. The arc splitters serve to greatly increase the 
length oi the arc, as well as to chill it. The insulation of the 
switch group was so perfect that although the switch group 
frames were grounded to the car structure, there was no case of 
a breakdown in the insulation until after a 44,000-volt trans¬ 
mission line had dropped on the trolley wire. Then a short 
time later, one switch insulator and one motor armature were 
grounded. 

The auxiliaries are very well taken care of by the storage 
battery, which is connected between the main motors and rail. 
Since the operation of the compressor is delayed until the car 
starts, the battery is not required to furnish very much of the 
power for the compressor motor which operates from the current 
through the main motors. The battery absorbs the excess or 
furnishes any current that is required above the main motor 
current. The duty on the storage battery is, therefore, very 
light. Test on this equipment shows beyond question the pos¬ 
sibility of operating satisfactorily with 5000 volts in light service. 
There would appear to be no reason to doubt that it will operate 
at least as well in heavy service. 

As to the question of standardization, I do not think that we 
need to feel that Mr. Renshaw had any intention whatever of 
starting out to show that 5000 volts could be at once adopted as 
a standard. It is a point to aim at, and it certainly seems more 
logical to undertake the development of apparatus for a voltage 
which it is, recognized would be high enough to handle any kind 
of traflic with a very economical distribution system, than to 
proceed by the small steps which have thus far been made. 
As a matter of fact, it is recognized that 5000 volts would not 
be at all suitable for standardization if it could not be made 
thoroughly reliable. It has not, of course, yet received a test 
under conditions which would warrant adopting it for general 
use, or to replace other established systems, but it is certain 
that a new bogie ” has been established, and it is a voltage 
beyond which it" appears scarcely worth while at this time to 
go. To be sure, this same equipment was operated at as high 
as 7000 volts experimentally with entire satisfaction, but this 
simply shows the factor of safety which the present equipment 

has. 

There has been some doubt expressed by several of the speak¬ 
ers as to the economy of any higher voltage than 3000. The 
answer to this question depends solely on the cost of substations 
and locomotives. If the increase in the cost of locomotives is 
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going to be a large percentage of the cost of 3000-volt locomo¬ 
tives, the limit would be very soon reached, but this depends 
entirely on the type of locomotive that is adopted, and the use 
of the twin-armature bi-polar motor places a very different 
light on this question of cost from what would appear with the 
older forms of motors. As a matter of fact, it appears that the 
additional cost of a locomotive designed for 5000 volts over ohat 
for 3000 volts will be a very small percentage of the total cost, 
while the decrease in the cost of substation and feeder copper 
will be a very considerable proportion. It, therefore, seems 
inevitable that a higher voltage than 3000 will be utilized in 
the near future, and whether this voltage will be 5000, 4200 
or 6000, is, to a certain extent, immaterial. 

The advantage of a standard which can be adopted by uni¬ 
versal consent is so great that I feel that every effort should be 
made to reach one at the earliest possible date. If we can get 
together and decide on something which we feel will be projper 
and fundamental, as Mr., Townley has expressed it, we will be 
doing far better than by trying so many steps along the line. 

In a paper which I recently, presented in England, I stated 
that in a country where there is an autocratic government, one 
man can decide on what is going to be the standard. In another 
country, where there is absolute independence and individual 
initiative, there may be a hundred different things proposed 
and used to accomplish the same purpose. In the first case 
while the man may not decide on the best system, it would prob¬ 
ably nevertheless operate more satisfactorily than in the latter 
case where there are so many different schemes, because the cost 
of manufacture in the first case will be very much less and every¬ 
one will become familiar with the one system and kind of ap¬ 
paratus, and the operation will undoubtedly become satisfactory 
even though there may be some other system which would have 
been a little cheaper under the same conditions. At present, we 
am required to design apparatus to meet many different systems 
which are really intended to perform the same work. In this 
way, the cost of development and .manufacture runs up to an 

enormous figure, which the operating companies must even¬ 
tually pay for. 

Mr. Sprague has, as usual, given a spicy addition to the dis- 
cussioii of the paper, although one must search a long time 
e ore finding wherein it applies to the subject under discussion, 
itwould appear that he assumes from the fact that Mr. Renshaw 
who represents the company which has been responsible for 
practically all of the successful single-phase installations in this 
country, has presented a paper outlining the possibilities of high- 

W single-phase system is, there- 

^ A little further investigation of the question will 

is viry much liv?^ satisfaction that the single-phase system 


quoted one of my previous statements in 
regard to the influence of cost on the system of electriflcation. 
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I still hold that the ultimate decision will be based on the first 
cost and the cost of operation, provided the systems are equally 
reliable. It is certain that reliability is going to be a prime 
factor, but reliability is a relative term. There are many things 
oh a railroad which cause delays to traffic. If the number of 
delays incident to matters entirely apart from the power system 
is very large in comparison with the number due to the electri¬ 
cal equipment, the question of reliability of the latter becomes 
of less importance. 600-volt apparatus would doubtless be 
more reliable than any of the so-called high-voltage or single¬ 
phase systems, but the value of the small additional reliability 
would be far less than the extra cost of electrifying a long line 

with this voltage. ... . . ^ 

C. Renshaw: Mr. Sprague’s principal point of disagreement, 

if I ’ understand him rightly is that my simile was somewhat 
overdrawn, when I asserted that it was practically a universal 
belief, ten years ago, that 600 volts was the maximum^ d-c. 
railway potential, since even at that time he had predicted , 
some of the things which have now come to pass. Aside from 
this minor point, however, I judge from his remarks that he 
agrees substantially with the ideas I have expressed.^ 

Mr. Davis points out that with a given train unit the prob¬ 
lem of distribution is simplified as the number of tracks increase. 

A certain minimum size of trolley wire must be used over each 
track for mechanical strength and with two or three or four 
tracks, the combined conductivity of the^ several trolley wires 
a ndof the various rails in parallel necessitates a less amount 
of auxiliary feeder than if only a single track were^ electrified. 
Stated in another way, with a fixed amount of auxiliary feeder, 
the greater the number of tracks the^ lower the voltage which 
can be used with a given economy of distribution. 

While it might be inferred from Mr. Davis’s remarks that 
in view of these facts, he would advocate selecting the voltage 
for any given electrification according to such circumstances 
and thus perhaps using 1200 volts in one case, 1500 volts in 
the next, 2400 volts in a third, 3000 volts in a fourth, etc., I 
believe that he merely wished to call attention to the principle 
rather than to advocate such a multiplicity of voltages for future 

heavy electrifications. ^ 

Mr. Davis states also, that since motor-generator sets and 

synchronous converters are usually designed to stand three times 
normal load for short periods, there will be no saving in the total 
amount of substation apparatus by increasing the load factor 
beyond 33 per cent. This analysis, however, overlooks the fact 
that the machines which have been designed to stand three 
normal load have been made in this way to suit the loads which 
they must carry and not because such designs give the most 
desirable or the least expensive machines. , , , 

Finally, Mr. Davis states that _ as a rule the cost of the loco- 
motives for s-ny given elecfrifics-tion will upproximufe one-third 
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an industry so much as a semi-permanence and general inter¬ 
changeability of the apparatus for carrying it on, and no class 
of apparatus can be really developed on a commercial basis 
unless its use for a reasonable term of years is assured. I 
believe therefore that it would be much more encouraging to 
the art of heavy electric railroading if, instead of employing a 
little higher voltage in each successive case, where d-c. apparatus 
is used, some definite-voltage, sufficiently high to meet all reason¬ 
able requirements, was generally recognized as being standard. 

Replying to Mr. Oesterreicher, I had not mentioned storage 
batteries in connection with high-voltage d-c. roads, since as 
far as I know it has never as yet been necessary to consider their 
use seriously on such roads in America. I see no reason, how¬ 
ever, why batteries could not be arranged for 5000-volt direct 
current if this was necessary. 

Mr. Wood has made a good point by indicating that it is not 
so much the cost of electrical apparatus as its worth which con¬ 
cerns the railroad man, since the cost of the electrical part of 
the system is a comparatively small part of the total. ^^The rail¬ 
road man”, he says, ‘‘wants something he can be sure is going 
to operate continuously and reliably and that is the end to which 
all efforts at standardization should be directed.” 

It is obvious that if the skill of the various available designers 
can be constantly applied to perfecting the details of any given 
apparatus, rather than to changing its fundamental character, 
the results Mr. Wood is looking for are more likely to be secured. 
If the railroad man, also, is offered something that is already 
in use he can be much more certain of the results he will obtain. 
I believe Mr. Wood’s remarks therefore are strongly in favor 
of the policy I have been advocating, of choosing the right thing 
for any given class of work as quickly as possible and then stick¬ 
ing to it. 

Mr. Pannell, in advocating the use of motors wound directly 
for 1200 volts rather than of two 600-volt motors in series, in 
cases where the cars are not required to run at full speed on 600 
volts over part of their route, has overlooked one important 
fact. Where a manufacturer builds motors for operating on 
600 volts, as well as for 1200 volts, a considerable investment in 
drawings, patterns, tools, etc., can be saved by the use^of the 
same motors with minor changes for the two voltages,' instead 
of radically different designs. In arguing that 1500 volts is 
about the maximum potential which can be applied to a railway 
motor commutator in service and that to allow not more than 
two motors in series he would therefore set the maximum trolley 
potential at 3000 volts, he has apparently forgotten the double 
armature motor which Mr. Storer described and which with 
1500 volts per commutator and two motors in series would per¬ 
mit a trolley voltage of 6000. 

Mr. Haar inquires why the particular voltage of 5000 was 
chosen, since it is not a direct multiple of 600, 1200, or 1500. 
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While it is true that the operation of one 400-h. p. car for 35,000 
miles constitutes the sole commercial experience with 5000-volt 
direct current, this is a much greater experience than was avail¬ 
able when the first line was built to operate at a voltage of 1200 
instead of 600, or when the first electrification was undertaken 
using 2400 volts instead of 1200. From this standpoint,nhere- 
fore, the matter seems in reasonably good shape. 

'4t may seem attractive”, says Mr. Armstrong, to-always 
consider the use of still higher voltages” but to me it decidedly 
does not seem attractive and it is in the effort to set others think¬ 
ing of the obvious disadvantage of such a procedure that all of 
my energies have been directed. In the period referred to in 
the beginning of the paper, 600 volts was the established standard 
for electric railways, so that ‘^an electric railway” meant a 
600-volt d-c. electric railway. This particular standardization 
on 600-volt direct current, was not brought about by action^ of 
the A. I. E. E., or any similar body, but by general recognition 
of the merits of the case by manufacturers and users of the 
apparatus. It was nevertheless very effective. When it was 
proposed to build or equip a given line in those days there was 
no question as to voltage, or system, to confuse the main issue 
of whether the work should or should not be und.ertaken, and 
it was during this period that most of our present city and inter- 
urban railways were built. 

To establish the same conditions in the field of heavy traction 
at this time, is of course a much more difficult mattei, but 
there is no question that the advantage to all concerned would 
be equally great could this be done. It is not my idea that such 
a standardization could be brought about by any resolution^ or 
recommendation of the Institute, and in suggesting the adoption 
of a standard I had no such action in mind. If standardization 
comes, it must be by a general consensus of opinion, as in the 
case of 600 volts, and my real object has been to start such an 

idea 

Most of the speakers who took part in the discussion seem 
to have allowed themselves to be misled by the difficulty of the 
problem. Not seeing any way to bring about such a standard¬ 
ization of voltage immediately, they have felt forced to speak 
against the necessity or the desirability of it. No great work 
is ever accomplished, however, without a great deal of thought 
and planning and dreaming long in advanc^e of the realization, 
and if I have succeeded in starting some of this thought or plan¬ 
ning or dreaming, I will feel that the first steps have been taken. 
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ELECTROCHEMICAL INDUSTRIES AND THEIR INTEREST 
IN THE DEVELOPMENT OF WATER POWERS 


BY LAWRENCE ADDICKS 


Abstract of Paper 

The electrochemical industries have grown to be of great 
value to this country; they have a fundamental interest in 
the development of cheap power; they offer nearly ideal power 
loads of magnitude; they must be located strategically as regards 
supplies and markets; Niagara power is not cheap enough nor 
is it sufficient in its present state of, development to afford 
growth to these industries; the industries have so far been 
hardly strong enough to develop large powers themselves; great 
expansion should follow the development of cheaper power in 
accessible locations; and the country is vitally interested in 
the development of the nitrate industry, which must have very 
cheap power in great quantity in order to exist. In view of 
all these considerations, a liberal water power policy on the 
part of the government would seem to be a step in the right 
direction. 


^ I ^HE INDUSTRIAL processes founded upon electrochemistry 
* have a part in the manufacture of a very wide range of 
commercial products. By definition they all require electric 
power in greater or less quantity and in many instances power 
is a large item in the cost sheet. The power requirements vary 
enormously, however, in different cases, and many other consid¬ 
erations enter into the determination whether a given industry 
can flourish in a given location. It is the purpose of this paper 
to point out briefly the interrelation of some of these factors and 
the interest the industries have in the development of cheap power. 

The electric current may be used for its chemical effect, giving 
oxidation products at the anode and reduction products at the 
cathode in an electrolytic cell; or it may be used for its heat 
effect in an electric furnace, where high temperatures and a con¬ 
trolled atmosphere are desirable; or both effects may be utilized, 
as in the electrolysis of fused salts. Finally, we have- the effects 
of electric discharges through gases. 

It is not generally appreciated to what extent electrochemical 
processes have entered into some phase, at least, of nearly every 
branch of our industrial life. A small beginning in electro- 
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plating two generations ago has developed until the great ma¬ 
jority of the copper output of the world is electrolytically refined; 
silver is thus parted from gold, and gold from theplatinummetals, 
bismuth-bearing lead can be successfully treated, electrolytic 
nickel is well known, and zinc and tin so refined are appearing 
in the market. In general, electrolytic refining not only increases 
the purity of the metal but makes possible the recovery of the 
impurities as b 3 ^products, thus greatly cheapening the cost of 
some of the less common elements. 

The electrolysis of common salt is the basis of the electrolytic 
alkali industry, the products of which are caustic soda, the start¬ 
ing point for various chemical industries, and used in very large 
quantities in soap making, mercerizing cotton, etc,; metallic 
sodium, also used as a foundation for other products, such as the 
cyanide so largely used in the metallurgy of silver and gold; 
chlorates, used in the manufacture of matches, certain explosives, 
etc.; hypochlorites, of value for bleaching; chlorine, employed 
as a sterilizing and chloridizing agent and for the formation of 
bleach. 


The electric furnace has created a host of new industries. 
Very briefl}^, the chief products consist of abrasives, such as 
carborundum, alundum, aloxite, etc.; graphite; silicon; ferro¬ 
alloys, such as ferro-silicon, -manganese, -chrome, -tungsten, 
-vanadium and others, which are used in the steel industry for 
producing sound ingots, hardening, making special steels, high¬ 
speed tool steel, armor plate, etc.; refined steel of crucible grade ; 
phosphorus by distillation; calcium carbide, used in the genera¬ 
tion of acetylene and in the manufacture of cyanimid; and so on. 
It IS also being tried out experimentally as a competitor of the 
combustion furnace in the metallurgy of many metals. Used as 
an e ectrolytic furnace, we have the very important application 
to the production of aluminum. 


. Ih electric discharges through gases is still 

in Its yancy but we have ozone and nitric acid among the 

products the former used for sterilization and the latter as a 
base for fertilizers and explosives. 

alsctrochemical products is by no means 
exhaustive If it were followed to a logical conclusion and a list 

affair °biV T products it would be a formidable 

^ T , yoa.gh has been said to establish the first 

todav nin T ^ rnake, namely, that electrochemistry 
dnstnes are more important than the public at large realises. 
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Now every one of these industries consumes large quantities 
of energy. Starting at the bottom, we have the refining of lead 
at 120 kw-hr. per ton, and of copper at 300 kw-hr. per ton. 
Where diaphragms are used, as in nickel refining, the power 
rises to about 3000 kw-hr. per ton. Where insoluble anodes are 
used for the recovery of a metal from solution, the power will 
range from 700 to 4000 kw-hr. per ton, depending upon the metal, 
the amount of depolarization at the anode, and of course the 
current density. 

Turning now to electric furnaces, an ordinary melting opera¬ 
tion, such as casting an alloy or refining steel, generally requires 
from 600 to 1000 kw-hr. per ton. In the production of ferro¬ 
alloys, which is really a smelting operation, a large amount of 
energy is consumed by the endothermic reaction, and the power 
used runs from 3000 to 8000 kw-hr. per ton of product, depending 
upon the grade of alloy made. The aluminum furnace requires 
25,000 kw-hr. per ton of product. The electrolytic refining, 
alkali and aluminum industries require direct current; the graph¬ 
ite, carborundum, melting and ferro-alloy furnaces use alter¬ 
nating current. In general low voltage and high amperage is 
employed. In the case of alternating current this is readily 
obtained by the use of suitable transforming units; in the direct- 
current processes it is customary to connect a sufficient number 
of cells or furnaces together to obtain a reasonable line voltage. 
Individual industries in plants of modern commercial size require 
blocks of energy ranging from 5000 to 50,000 kw., and it is 
self-evident that the charge for energy in such quantities is a 
vital item in the cost sheet. And this brings us to the question 
of what is cheap power. 

Twenty years ago Niagara power was cheap, but in the mean¬ 
time steam power has made such strides that Niagara and similar 
water power developments can no longer be considered the 
exclusive sources of electrolytic power. In so speaking I am of 
course not considering the very low rates which were made on 
a few contracts in the early days at Niagara, but of 
the present rate of about 0.3 cent per kw-hr. ($20 a horse 
power-year). With the very kigh economy of the large turbo¬ 
alternator it is quite possible to meet this figure by locating a 
plant near some of the coal fields. It is therefore idle to discuss 
any new source of power higher in cost than Niagara. 

It is often suggested that electrolytic plants could be operated 
to advantage on off-peak power. This is seldom practical. In 
fhe first place, to shut the power off for several hours in many 
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cases creates very undesirable chemical conditions; then, in 
most electric furnace processes there is a loss of heat while stand¬ 
ing which calls for the expenditure of excess energy upon starting 
up; and finally, there is the loss of production due to several 
hours^ idleness to be reckoned with, and in this connection it 
must be remembered that electrolytic plants generally call for 
heavy investments, the fixed charges on which need every pos¬ 
sible ton to divide by. After these handicaps are properly 
allowed for, it is only in exceptional cases that a mutually satis¬ 
factory contract can be made. 

And then we have the power contract to deal with. The 
owner of the water power generally requires that a fixed mini¬ 
mum annual sum shall be paid regardless of consumption. This 
is naturally a little hard on periods of low output. On the other 
hand, excess power is apt to be either subject to prior sale or 
charged at an excess rate, so that the manufacturer has to 
balance his output on the tip of his nose, so to speak, if he is 
going to realize the advertised rate per kilowatt-hour. 

Next, we have the difficulty that the power is invariably sold 
as high-tension alternating current, which imposes various 
conduction and conversion losses on the purchaser which may 
easily absorb 15 per cent of the incoming power. The trans¬ 
formers and other apparatus represent a considerable invest¬ 
ment, shattering another illusion—that the '' other fellow 
had to put up all the money. Then in some contracts we mustn’t 
unbalance the phases or let the power factor run off. 

By the time all these allowances are made, the power originally 
spoken of as 0.3 cent per kw-hr. is nearer 0.4 cent, plus a con¬ 
siderable investment, a figure which begins to approach the cost 
of steam power in the vicinity of New York City, using buck¬ 
wheat coal; and, as before stated, Niagara Falls is no longer 

bargain power. This statement leads to a number of questions 
about as follows: 

(1) If cost of power is the great consideration, and Niagara 
Falls has no longer the cheapest power, why do all the electro¬ 
chemical industries remain grouped there? 

(2) If electrochemical industrifes have been able to thrive on 
present power costs, is not the cry for cheaper power merely one 
for additional profits? 

(3) We have in this country a variety of fuel supplies: why 
are not great central stations established in some of these fields 
if the resulting power would cost less than water power? 

In endeavoring to answer some of these questions, I hope to 



1916] ADDICKS: WATER POWER DEVELOPMENT 389 

bring out the main factors which have to be considered in es¬ 
tablishing an electrochemical industry. 

As to the first question, the cost of power, while important, 
is by no means the whole, and often not even the controlling, 
factor and Niagara, while an electrochemical center, is not the 
sole residence of such industries. There are three main factors 
to be considered in locating such an industry; transportation, 
labor and power; and in reality power may be placed under 
the transportation heading, leaving but two. In any industry, 
raw materials must be carried to the manufactory and the 
finished products to their markets. As fuel can be carried and 
electric current can be transmitted, it is evident that the in¬ 
creased cost of power due to such movements is simply a freight 
item. The moment this is realized the problem does not differ 
from that presented by any other manufacturing operation. 
Where raw materials are bulky and the product and power used 
are not, the work will be carried on near the source of the raw 
material, as in the case of a plant for reducing copper from its 
ores. Where power or fuel is bulky it may become the con¬ 
trolling factor. In zinc metallurgy, for example, the ores are 
rich and it takes three tons of coal to smelt one ton of zinc. 
Zinc smelters are therefore located in the fuel belts. An electro¬ 
chemical instance is aluminum. Here the ore is carried great 
distances in order to avoid the transmission of 25,000 kw-hr. 
per ton of aluminum produced. Then again, the process may 
not greatly change the bulk of the raw materials, as in refining 
operations, but transportation still governs. In electrolytic 
copper refining the plants are, with a single exception, at tide 
water. Here the Western smelters bring the product up to 98 
per cent copper. There is but little dead weight in transporting 
this crude copper, and the silver and gold contents if separated 
at the smelter would have to travel by express. Also labor and 
power are cheaper at tide water where the market is, than in 
the Rocky Mountains where the smelters are. The one excep¬ 
tion at Great Falls, Montana, is where an exceptionally cheap 
water power exists at the smelter, precious metal contents are 
low, and there is' the possibility of considering Western markets 
and movements via the Panama canal. Finally, labor is a large 
item. If we assume that a man earns $3.00 a day and that 
power costs 0.3 cent a kw-hr., the two are of equal importance 
when an industry uses, on a 24-hour day, 42 kw. per employee. 
By no means all the electrochemical industries use such a pro¬ 
portionate amount of power. I think enough has been said to 
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show that an appreciation of geographical values is of the utmost 
importance and that power is of purely relative value. 

If we examine the industries grouped around Niagara Palls, 
we shall find that practically all of them have been created in the 
last 25 years; that many of them use as raw materials such things 
as carbon, salt, silica, etc., which are obtainable within a rea¬ 
sonable distance; and that they are chiefly those electric furnace 
operations which rate among the larger power consumers in the 
electrochemical list. Now, the investment called for in electro¬ 
chemical plants is generally high, and it can be readily understood 
that It is a very welcome lessening of obligation in starting a new 
industry to be able to cut out the money which would be tied 
up in a private power plant. Also, really low costs on steam 
power can not be obtained until a load of about 15,000 kw. is 
built up. Then, Niagara Palls is in a strong location as far as 
transportation facilities are concerned. Water transportation 
through the Great Lakes is at hand and Buffalo is a railroad 
center. The labor market is also good. 

As to the second question, whether 0.3 cent per kw-hr. is not 
ow enough to allow any electrochemical industry to thrive, it is 
simply a matter of competition. Useful as electrochemical 
products have proved, they are not necessary to sustain life; 
we got along, after a fashion, a quarter of a century ago before 
most of them were heard of. We must remember, however, 

at every one of these products has had to win its way against 
competition. Graphite and the abrasives have had to compete 
with natural graphite and emery; aluminum had wood and 
copper to displace; the alkali products can be produced chemic- 
ally;_ the ferro-alloys can be made in blast furnaces; electrolytic 
re ning had fire methods to compete with; electric steel refining 
replaced the crucible method; and so on. It is quite con¬ 
ceivable that power costs should be so high that the older pro¬ 
cesses in some cases might revive. On the other hand, electro- 
c emical processes are in their infancy and a decrease in the 
cost of power is bound to stimulate new lines of production. It 
IS quite within the range of possibility that many of the com- 
us ion furnaces now used in metallurgy can be some day replaced 

electric furnace. Hydrometallurgy, 
fi closely linked with electrodeposition, has also a large 

e e ore it. The question of electrical action on gases is a 
most proinising possibility for development. Take the fixation 

iiiUogen, one of the largest technical problems 
which this nation has to face today. We import large quantities 
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of Chilean nitrate every year. Our only local sources are de¬ 
composing organic matter and a small quantity of byproduct 
ammonia salts. Nitrogen is a necessary constituent of fertilizer 
a,nd is the base of all explosives. The military recklessness of 
being forced to depend upon imported material for the manu¬ 
facture of ammunition in these troublous times has recently 
brought this question very much to the front. There are several 
methods of fixing the nitrogen of the atmosphere in use abroad. 
Two of these processes, the oxidation of nitrogen in the electric 
a,rc and the conversion of calcium carbide into cyanimid, are 
suitable for commercial development in this country, and in fact 
fhere is already a large plant devoted to the cyanimid industry 
a,t Niagara Falls, Canada. The arc process requires large quan¬ 
tities of electric power; several hundred-thousand horse power kre 
so used in Norway. The cyanimid process, while chemical, 
irequires calcium carbide, an electric furnace product, as its raw 
material. As matters stand today it may be necessary for the 
government to subsidize this industry to guarantee its required 
supply of explosives in time of war. If we had 500,000 h.p. 
available at say 0.15 cent a kw-hr., (a common figure in Scandi¬ 
navia) ^ this great industry would develop at once on a peace 
basis on account of the fertilizer demands. 

As to the third question, our electrochemical industries are 
either buying from some water power company or they are 
generating power themselves from steam. The water power 
company naturally sells its output for all that it will bring, with 
a, weather eye on the local cost of steam, and very few industries 
are large enough to save this profit by operating their own 
bydraulic plants. Unfortunately most of our high-head water 
powers, which are capable of development on a small scale and 
with moderate investment, are on the Pacific coast w;here mar¬ 
kets do not yet exist for many electrochemical products. Most 
of the latter are of such a nature that they serve only as raw 
material in manufacturing operations conducted chiefly on the 
Atlantic seaboard. The time may come when various electro¬ 
chemical industries will associate in a cooperative power develop- 
mient. In this case the eastern coal fields will be carefully con¬ 
sidered, especially as many of the processes require large quan¬ 
tities of coal for operations entirely apart from electrochemistry, 
such as evaporating or heating liquors, reverberatory smelting, 
etc. Near a sufficient and suitable supply of water for boiler 
feed and condensing, and close to the coal mines, a mammoth 
steam plant could certainly give a lower power cost than now 
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obtainable at Niagara. Perhaps the chief objection to such a 
scheme would be the present unsatisfactory labor situation in 
the coal fields. 

Then we have the various propositions depending on the use of 
gas. Natural gas is fast disappearing and can no longer be con¬ 
sidered for such a plan. The beehive coke oven, which used to 
be held up as a glaring example of heat waste, is also rapidly 
giving place to various retort types. The use of producers 
supplying gas engines begins to lose its attractiveness as the cost 
of fuel decreases, and placing the steam plant near the colliery 
deals a heavy blow to this scheme, which offers low fuel con¬ 
sumption as an offset to great first cost and lack of overload capac¬ 
ity. The byproduct coke oven is more attractive, but so far 
it has been linked up with either the iron and steel industry or 
the production of illuminating gas, and it is not very desirable 
to be tied up with another industry and run the danger of being 
subject to the ups and downs of industrial prosperity in an un¬ 
related field. Then we have our peat deposits, which somehow 
never seem to receive really serious consideration. 

If we knew that there was no hope of getting lower water 
power costs, I believe some great central power plant would 
eventually be established. The two stumbling blocks at present 
in the water power question are government control and the 
great cost of developing low-head powers. One possible way of 
meeting the latter difficulty is to consider the value of the develop¬ 
ment from other points of view, such as irrigation, navigation 

or flood prevention. All the power plant wants is the potential 
energy in the water. 


Summing up, the electrochemical industries have grown to 
be of great value to this country; they have a fundamental in¬ 
terest m the development of cheap power; they offer nearly 
1 eal power loads of magnitude; they must be located strategic¬ 
ally as regards suppHes and markets; Niagara power .is not 
cheap enough nor is it sufficient in its present state of develop¬ 
ment to afford growth to these industries; the industries have so 
ar een ar y strong enough to develop large powers them¬ 
selves ;_great expansion should follow the development of cheaper 

frTTr locations; and the country is vitally interested 

the development of the nitrate industry, which must have 
very cheap power in great quantity in order to exist. In view of 
al these considerations, a liberal water power policy on the part 
of the government would seem to be a step in the right direction. 



Presented at the 321 meeting of the American 
Institute of Electrical Engineers, Washington, 
P. C,, April 26 , 1916 . 


Copyright 1916. By A. I. E. E, 


WATER POWER DEVELOPMENT AND THE 

FOOD PROBLEM 


BY ALLERTON S. CUSHMAN 


Abstract of Paper 

The great increase in population of the United States has been 
chiefly in urban districts while the increase in population in 
rural districts has been comparatively small. This results in a 
continuously growing demand for food with a relatively small 
proportion of our population as food producers. The produc¬ 
tion of some of our most highly nitrogenous food products has 
been steadily declining and American farmers have been pro¬ 
ducing less per acre than European farmers. 

The food supply depends in the last analysis upon the plant 
food supply. The production of nitrogen, which is one of the 
three principal fertilizer ingredients, is distinctly a water power 
proposition involving the fixation of atmospheric nitrogen. 
More than 80 per cent of mixed fertilizers produced in the United 
States is used east of the Allegheny Mountains, and for the 
fertilizer problem the water power must be developed in* those 
parts of the country where the demand for intensive agriculture 
exists. A feasible and proper plan for water power develop¬ 
ment in this country will have a profound influence on the de¬ 
velopment and distribution of cheap fertilizer ingredients which 
are so necessary under modern intensive conditions in the growth 
of population and its relation to agriculture. 


I N OUR centennial year 1876, just forty years ago, Thomas 
Huxley, the great English scientist, delivered the dedica¬ 
tory address at the formal opening of the Johns Hopkins Univ¬ 
ersity in the City of Baltimore. In the -course of this address 
he gave utterance to the following pregnant words: 

To an Englishman landing upon your shores for the first time, traveling 
for hundreds of miles through strings of great and well-ordered cities, 
seeing your enormous actual, and almost infinite potential, wealth in all 
commodities, and in the energy and ability which turn wealth to account, 
there is something sublime in the vista of the future. Do not suppose 
that I am pandering to what is commonly understood by national pride. 
I cannot say that I am in the slightest degree impressed by your bigness, 
or your material resources, as such. Size is not grandeur, and territory 
does not make a nation. The great issue, about which hangs- a true 
sublimity, and the terror of over-hanging fate, is what are you going to 
do with all these things? What is to be the end to which these are to be 
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the means? You are making a novel experiment in politics on the greatest 
scale which the world has yet seen. Forty millions at your first cen¬ 
tenary, it is reasonably to be expected that, at the second, these states 
will be occupied by two hundred millions of English-speaking people, 
spread over an area as large as that of Europe, and with climates and 
interests as diverse as those of Spain and Scandinavia, England and 
Russia. You and your descendants have to ascertain whether this great 
mass will hold together under the forms of a republic, and the despotic 
reality of universal suffrage; whether state rights will hold out against 


centralization, wuthout separation; whether centralization will get the 
better, without actual or disguised monarchy; whether shifting corruption 
is better than a permanent bureaucracy; and as population chickens in 
\our great cities, and the pressure of want is felt, the gaunt spectre of 
pauperism will stalk among you, and communism and socialism will 
claim to be heard. Truly America has a great future before her; great in 
toil, in care, and in responsibility; great in True glory if she be guided in 
wisdom and righteousness; great in shame if she fail. I cannot understand 
why other nations should envy you, or be blind to the fact that it is for 
the highest interest of mankind that you should succeed.*^ 

Thus spake, almost half a century ago, one of the most pres¬ 
cient and philosophic minds that the world has yet produced. 
Our population has already risen from forty to one hundred 
million people, and it is our present, as well as our future task, 
to feed not only our own teeming populations, but also, in some 
large measure, a war stricken Europe, and, from time to time, 
a famine stricken Orient. It is well that we should examine our 
resources and review what we have done or are about to do with 

do with all these things?” 

. ^'hat IS to be the end to which these are the means?” 

it IS not my present intention to inflict upon this audience a 

be hTe“ f but some significant figures must 

receti ,n?-T a to the points that are to 

thp consideration in later paragraphs. In consulting 

ment nSh'l V purposely confined myself to govern- 
pubhcations of date not later than 1914. The preat Euro 

pean struggle, breaking out in the fall of th.t t.l ^ a a ii 
wrvrM ^ ^ lau oi that year,'rendered all 

ve^s Z ir r“ * of war 

■ T T ' confusing and misleading 

tu^ forYq'Jr^^ 7^"^ 7 Secretary of Agricul- 

States has increased twenty-three million .1! 

thestrictlv rural district/t,. ®®™onm the past fifteen years. 

milhon. More mouthTtn f T fuP 

haps the most important proWe per- 

A-ain from Ym P’^oblem of our most modern age. 

. n, from our conservative Secretary of Agriculture we 
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learn that: While there is an increased diversification of agri¬ 
culture, and both a relative and absolute increase in important 
products, such as wheat, forage crops, fruits, dairy products and 
poultry, we have to take note not only of a relative but an abso¬ 
lute decrease in a number of our staple food products such as 
corn and meats. In the former in the last fifteen years there has 
been no substantial advance. In cattle, sheep and hogs there 
has been an actual decline—in cattle, from the census year of 
1899 to that of 1909, from 50,000,000 head to 41,000,000; in 
sheep from 61,000,000 to 52,000,000; in hogs from 63,000,000 to 
58,000,000. Since 1909 the tendency has been downward, and 
yet during the period since 1899, the population has increased 
over 20,000,000. This situation exists not in a crowded country 
but in one which with 935,000,000 acres of arable land, has only 
400,000,000, or 43 per cent, under cultivation, and in one in which 
the population per square mile does not exceed 31 and ranges 
from 0,7 person in Nevada to 508 in Rhode Island. Just what 
the trouble is no one is as yet sufficiently informed to say. It 
can scarcely be that the American farmer has not a^ much intel¬ 
ligence as the farmer of other nations. It is true that the 
American farmer does not produce as much per acre as the 
farmer in a number of civilized nations, but production per acre 
is not the American standard. The standard is the amount of 
produce for each person engaged in agriculture, and by this test 
the American farmer appears to be from two to six times as 
efficient as most of his competitors. Relatively speaking, exten¬ 
sive farming is still economically the sound program in our 
agriculture, but now it is becoming increasingly apparent that 
the aim must be, while maintaining supremacy in production for 
each person, to establish supremacy in production for each acre.” 

In other words, and I am now speaking for myself, extensive 
agriculture must ultimately be practised in an intensive manner, 
if the food supply of an ever-growing population is to be econom¬ 
ically produced. I have no desire to take issue with the Secre¬ 
tary of Agriculture in respect to what he has said about the 
efficiency of the American farmer. We cannot, however, over¬ 
look the fact that European farmers are obtaining higher yields 
per acre on the selfsame soils that supported our own ancestors 
before their emigration across the seas, perhaps centuries ago, 
whereas our own agricultural operations began on virgin fields 
which in too many instances are already run down if not aban¬ 
doned. If these things are so, lack of efficiency and careless 
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drawing capital from the 
bank faster than it is put in. We owe our soils at least as much 

plant food as we take away from them, or agricultural bank- 

snSl^^ ^ question of time. Agricultural bankruptcy 

spells ultimate starvation and it spells nothing else 

In 1914 we irnported into the United States some 500,000 

ons ot Chile saltpetre at a value of about $18,000,000. It 

as been estimated that perhaps one-quarter of this found its 

way to the soil, in addition to such other forms of fixed nitrogen 

as ammonium sulphate from coke recovery and the various kinds 

organic nitrogen, such as slaughter house and other refuse. 

500 nm ?-T enough. In Norway alone about 

500,000 kilowatts are consumed in the manufacture of ar- 

Mcial saltpetre. _ In the United States proper it is doubt- 

artificial nitrate has as yet been produced on 

7 experimental, and yet it has been 

eS rl our atmosphere contains 

enough raw matenal in the form of free nitrogen to satisfy our 

al present consumption for more than half a century. I 

devp1rfn-mJ^'+ argument than this for the immediate 

these available water powers, unless it be that 

co7d TX fertilizers 

natinn.f material necessary for the 

national defense in case of war. 

I should like to take this occasion to add my voice to those 
tho^7lt in pointing out that 

in this on t ^ desirable to develop water powers 

that suS'''' T’ '' ^portant to take into consideration' 
ttf c7t of f 7 f that 

p ssible. This is particularly true with respect to the 
manufaotee of artificial fertiliser. The cost of IStio™ 

StSit S “ '"f!* f“' ““ »* but the cost 

A w^S-r W f always be kept at a mininum. 

p wer that costs capital a hundred dollars or more 

$17 o7b develop, and that must be rented for from 

Sm of fh" re*''’™ 'T'-' aolve the 

in£ low cocit f uedon. Some system for develop- 

food TroblemT"' be. devised, or, as far as the 

ing ormationall ®ball never become self-sustain- 

ce^ of mdependent. Up to 1914 more than 80 per. 

cent of all the mixed fertilizer produced in the United Stages 
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was used east of the Allegheny Mountains. This point is 
admirably illustrated in the fertilizer expenditures map taken 
from the Thirteenth Census of the United States, which will 
be discussed in a later paragraph. A developed water power in 
Alaska, Washington and Oregon could have no possible in¬ 
fluence upon this condition. To be practical, electrical water 
power must serve its own market and its own neighborhood, 
or it might as well be located on the moon. The growing city 
populations composed of the millions who live in such great 
cities as Boston, New York, Philadelphia, and Baltimore, do 
not contribute to the production of food. With respect to 
food, they are consumers only, and the soil alone can feed them. 
It is inevitable* that sooner or later the. potential energies of 
our great water powers must be harnessed to the end that the 
nitrogen of the air may be fixed to feed the soils. 

With respect to the necessary supplies of plant foods other 
than nitrogen, it has not as yef been seriously considered to 
utilize electric power, but, speaking to electrical engineers, I can 
say that the extraction of potash from feldspathic and granitic 
rocks by electrolysis presents by no means an insoluble or even, 
in my opinion, a difficult problem. It is perhaps the easiest 
way that has been as yet proposed to obtain potash artificially, 
which only awaits cheap enough power to become a reality. I 
need only remind you that in*the silicate rocks of which our 
mountain ranges are composed, there lie dormant untold bil¬ 
lions of tons of potash, to show that when the proper time comes 
we will not want for raw material. On this special topic I am 
well informed, for I have made a close study of it in the labora¬ 
tory and in the field for many years. 

In regard to our supplies of phosphate, Nature has been extra¬ 
ordinarily generous to this country, and the vast phosphate 
fields of the South and West are in no immediate danger of ex¬ 
haustion. In order to make the phosphoric acid content in 
these phosphate deposits available for agriculture, it is necessary 
and usual to treat them with sulphuric acid in the manufacture of 
super-phosphates. It happens, however, that we possess very 
large deposits of phosphate rock which, while rich in phosphoric 
acid, contain also as impurities something more than 5 per cent 
of iron and alunlina. Such phosphate deposits as these cannot 
be treated by the usual sulphuric acid method, owing to the fact 
that they show a tendency when treated with the acid to become 
sticky so that they cannot be ground for mixed fertilizer or be 
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tomary methods of agriculture, and in freight rates on commercial 
fertilizers firom mill to market. But nevertheless the value of 
all crops grown in the United States in 1909 was very nearly five 
and one-half billion dollars, in the production of which some one 
hundred and. fifteen million dollars-worth of plant food was used, 
or just a trifle more than two per cent. 

I submit that these figures speak for themselves, and that the 
conditions have not been materially changed in the intervening 
years between 1909 and 1916. What more strenuous argument 
is needed for the development of our water powers to the end 
that they shall be set to work on the production of plant food for 



Distribution of Fertilizers in United States in 1909 


the coming generations? Is it not indeed a duty that the present 
generations owe to posterity? 

Before concluding, I invite your attention to the most illum¬ 
inating map taken from the last United States census, which 
gives the expenditure by farmers and the distribution of ferti- 
lizers for 1909. This shows at a glance the truth of much that 
has been set forth in preceding paragraphs, and it shows much 
more. This map might be made the basis of a popular travel¬ 
ogue. If we use imagination, we can picture to our minds the 
strenuous drive of the Aroostook County, Maine, potato in¬ 
dustry, the efforts of the truck growers of Massachusetts to 
feed the teeming millions of their congested cities and manu¬ 
facturing districts. We pick out the high grade wrapper 

* 
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tobacco section of Connecticut, whose product is worth dollars 
per pound and is found worthy of lavish expenditures for 
fertilizers. We see the effort to supply the New York, Phila¬ 
delphia and Baltimore markets, and follow the truck gardens 

1 Eastern Shore of Mary- 

and Further south we pick up the tobacco belt and the 

great region where King Cotton reigns supreme, and this King 
IS powerful to exact his annual tribute of plant food. We see 
the effect of fruit Rowing in Florida and southern California, 
these regions which are still too sparsely fertilized. We can 
see the sugar cane waving in Louisiana, and even trace the 
cl, grape Jince from the serried grape vines on the southern 

bek^^hl,-^ travel on through the great corn 

... - and southern Illinois, until we come to the Miss- 
^ssippi’ ut here, as far as our subject goes, we stop. The 
great gram producing states of the Far West are busily engaged 

LI a as plant fool is 

abl^W’th r T It Is P^°b- 

whfch L Tf agricultural, districts appearing on this map, 
which do not show up in black or at least dark gray, are to a 

towards Th 11 - """Lt along a similar pathway 

towards the ultimate destitution of our soils 

cus7on attempting to present in a brief paper a dis- 

aretroL ""Vt" f l^as not been 

few hilh L ^-1“ conscious of the fact that only a 

ouched B have bL 

in thisL, ^ f '' P^^'hle, however, that there are many people 
n this country who have never yet realized that the potential 

energy of a flowing river can be transmuted ntl food and 
SrTL"' -1^1 activities of a 
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RELATION OF WATER POWER TO TRANSPORTATION 


BY LEWIS B. STILLWELL 


Abstract of Paper 

The paper discusses the relative importance of water power 
, in its relation to transportation, as depending upon its cost and 
the cost of competing steam power. 

Proportion which “ Cost of Fuel for Locomotives in the 
country as a whole, in various sections, and in the case of a 
number of different railroads, bears to “ Total Cost of Opera¬ 
tion." 

Effect of recent progress in art of producing electric power 
by steam upon water power values. 

Power and transportation development on navigable streams. 
Illustrations of the limit of investment in developing a water 
power, as fixed by co.st of competing steam power. 

Comparative cost of canals and railroads. 

Illustrations of comparative speed and power consumption in 
railroad and canal operation. 

T he relation of water power to transportation in the 
United States is a subject far too broad, and in some of its 
aspects too complex, for comprehensive and adequate treatment 
in a twenty-minute paper. Like many other subjects with 
which engineering science deals, the economic factors which 
determine that relation in any given case depend so largely upon 
local conditions as to make useful generalization difficult, if not 
impossible. The best that I can hope to do in the time allotted 
for this introduction to your discussion of the subject is to point 
out some of the conditions which determine the value of water 
power in relation to transportation at the present time, and to 
indicate roughly how this value may change with progress of the 
art of producing power from fuel and with changes that may 
occur in the interest rates upon capital necessary .to development . 

The relative importance of water power used as motive power 
to' pioye traffic, in its relation to transportation, in different 
parl's of the country varies, depending primarily upon the cost 
oLwater power and the cost of competing steam power .as de- 
velbped by locomotives or by existing or possible steam power 
ifianls^: ’Wiiere. wafer power is produced, or may be produced'^ 
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by building dams on navigable streams, the production and 
possible utilization of power are interrelated with the problem 
of inland waterway transportation, owing to the fact that the 
construction of a dam may be made to serve the double purpose 
of developing the power and creating a stretch of navigable 
water. 

Cost of Fuel for Locomotives 

The following interesting statistics’ giving for the Eastern, 
Southern and Western Railroad Districts, and for All Roads, 
the Miles of line operated,” the Cost of fuel for locomotives,” 
the Total operating expense,” and the Ratio of fuel cost to 
total operating expense,” are taken from the report of the 

Interstate Commerce Commission for the year ending June 30, 
1914: 


FUEL FOR LOCOMOTIVES. AND TOTAL OPERATING EXPENSES, FOR ALL 
RAILROADS IN UNITED STATES HAVING OPERATING 
__ REVENUES GREATER THAN $100,000 IN THE YEAR. 



Eastern 

district 

Southern 

district 

Western 

district 

\ 

All 

railroads 

Miles of line onerated. 

Cost of fuel for locomotives.... 

Total operating expense. 

Ratio of fuel cost to total oper¬ 
ating expense. 

-—____ 

62,780 
$ 104,461.133 
1,004.620,282 

10.45% 

46,587 
$ 33,052,970 
348,295,136 

9.50% 

136,257 

$105,286,696 

847,397,741 

12.40% 

245,624 

242,800,799 

2,200,313,169 

11.05% 


t will be noted that the '' ratio of fuel cost to total operating 
expense ” varies from 9.50 per cent in the Southern District to 
-.40 per cent in the Western District, the grand average for all 
railroads being 11.05 per cent. The total expenditure for fuel 
for the year is $243,000,000. 

Obmously, any substantial reduction in cost of fuel would 

r'lIaS “ “ total operating expense of our rail- 

ranl;^ C the average 

to a red,’ '"^'^^^^^ter power to effect an economy equivalent 
to a reduction of 50 per cent in the fuel bill, a reduction of about 
of per cent of the total oneratine- exnence m T I aoout 

forhiTia+eUr expense would result; but un¬ 

fortunately water power can be substituted for coal or other 

-Ving nf go pen cent in ine fuelrS^^eLCin^teU 
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an economy by no means sufficient to offset the increase in 
interest charges upon the investment necessary for electrifica¬ 
tion. The bearing which such a possible saving would have 
upon the question of electrifying what may be termed the 
average railroad is shown by the following figures, which are 
abstracted from a paper On the Substitution of the Electric 
Motor for the Steam Locomotive,” presented by the writer and 
H. St. Clair Putnam at the 214th meeting of this Institute. While 
these figures were prepared nearly ten years ago, additional 
operating data of electrified railroads now available are corrob¬ 
orative of their general correctness and they are sufficiently 
accurate for our present purpose. The figures compared are, 
first, the average for steam operation during five years, from 1901 
to 1905, inclusive, as reported by the Interstate Commerce 
Commission, and, second, the cost of operation by electricity 
as estimated in the paper referred to. 



Average 
five years 

Estimated cost 
of operation 
by electricity 

KA ^/Tiiin+.finnnr*#* rvf wn v nnH R'hmf'.t.llT'ftS. 

21.003 

22.354 

flK A/Tnint.Ana^^f pniil'nTnflnt'i... . 

19.524 

12.587 

91 TTncri-nf^ anA -mnnfl VimiRP TTlftn.. 

9.451 

4.710 

99. "PhaI fnr ... 

11.292 

5.702 

951 ciiTinl v fnr InrTiTnfit.iVP.S.. 

0.634 

.000 

0/i. Oil +011/^ TXT o d Txro ct A friT* IriontTi nti Vfts ... 

0.381 

0.250 

9*7 'T'rain «iiTin1-i#5«« nnri f^TTJftnSftR. 

. 1.537 

1.000 

9Q 'T'pliaa'ranVi . 

1.780 

2.000 

35 Loss and daTtiacrs ..t-.. 

1.112 

0.750 

5lft TniiiriAC t.n -r%f»'rRn'ns .. . . 

1.086 

. 1.000 

517 l^.laanirinr ... 

0.246 

0.200 





68.046 

50.553 


(The above items are numbered as in the report of the Interstate Commerce Commission, 
and only items tlie amount of which is changed by electrification are included.) 


The total estimated saving in cost of operation is approxi¬ 
mately 18 per cent of this amount, a saving of one-half in 
fuel accounts, in round numbers, for approximately one-third 
of the total saving. Reduction in fuel expense which may be 
effected by utilizing water power, therefore, under average condi¬ 
tions will affect practically but one-third of the total savings 
due to electrification upon which the question of substitution 
of electric power for steam will depend in the case of a railroad 
whic^h may find itself in position to secure the capital necessary 
to electrify a part of its system. 
















406 STILLWELL: WATER POWER DEVELOPMENT [Apr. 2^ 

The following tabulation from the report of the Interstate 
Commerce Commission for 1914, shows, as might be expected, 
that the relation which the cost of fuel bears to total operating 
expense of different railroads varies between wide limits: 


STATISTICS PROM I. C. C. REPORT ON RAILROADS. FOR YEAR ENDING 
__JUNE 30, 1914. 


Road 

Approx, 
thousands 
miles of 
line 

Cost of 
• fuel for 
road loco¬ 
motives 

Total 
oper. exp. 
millions 

Ratio 
fuel for 
rd. loco. 

total 
oper. exp. 

Average 
tons freight 
per train i 


operated 

millions 

(1910) 

(1914) 

A.,T. & S. F.... 

A. C. L. 

12.4 

A n 

5.6 

60 

9.4 

298 

357 

B. & 0.... 

0 . u 

5^ Q 

2.6 

5.6 

6.0 

5.8 

7.75 

26 

10.0 

201 

225 

C. & N. W... 

o , y 

12.7 

1 q 1 

72 

7.8 

443 

620 

C. B, & 0. 

59 

10.2 

261 

348 

c. M. & s. P.... 

IO.Jl 

14.3 

1 Q 

62 

9.4 

381 

479 

D. & H . 

61 

12.7 

276 

380 

D. L. & W. 

JL . y 

2.6 

A a 

1.9 

15 

12.7 

428 

532 

Erie. 

2 . 4 

26 

9.2 

545 

652 

Gt. Nor..... 

4. o 

in 1 

3.2 

37 

1 

8.7 

497 

593 

IH. Cen. 

A L/ • X 

7 7 

5.3 

3.8 

3.1 

2.0 

7.0 

4.5 

-2.9 

5.0 

9.3 

46.5 1 

11.4 

520 

663 

L. V. R. R. 

Mo. Pac. 

3.4 

n 

51 

! 28 

7.5 

11.0 

"364 
' 536 

417 

588 

N. Y. C. 

N.Y., N. H. 

Nor. & West.. 

0 . u 

9.4 

4.6 

3.8 

Q 7 

22 

86 

49 

9.1 

8.2 

9.2 

240 j 

413 

293 

329 

503 

304 

No. Pac. . .. 

30 

9.7 

635 

802 

P. R. R. . 

1 n 

41 

12.2 

429 

567 

Reading:. ... 

xU . 0 

9 52 

134 

6.9 

649 

729 

Southern.. .. 

0 52 

3.2 

3.8 

. 32 

10.0 . 

477 

580 

So. Pac. .... 

y. o 

Q R 

50 

7.6 

237 

275 

U. P..... 

y • o 

K *7 

4.9 

55 

8.9 

428 

431 

Wabash . ... 

A O 

3.7 

29 

12.8 

432 

431 



2.3 

24 

9.6 

353 

393 

All R. R's. in U. S. 

172.7 

245.6 

101.65 

208.4 

1095.5 j^. 

2200 A 

i.v. =9.3% 

iv. =9.5% 
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the cost of fuel per thermal unit affect these percentages, 
argument is required to demonstrate that the cost of coal is 
^ very important factor in railroad operation, and that any 
^^portant reduction in this cost means increased net earnings, 
^^creased cost to shippers, or both. 

It is a fortunate fact, which frequently has been pointed out, 
in certain very important sections of our country where coal 
^^posits are lacking, water power is abundant, and since the 
^Ost of competing steam power primarily determines the relative 
of water power, it follows that the water powers on the 
P'U.'blic domain, in general, have a relatively higher potential 
'^alme than they otherwise would possess, owing to the fact that 
exist in'localities where coal or oil, or both, are relatively 
Expensive. Further, it is to be noted that these water powers 
naturally found in hilly or mountainous sections through 
"^liich the operation of railroads implies the handicap of grades, 
in many instances heavy, and consequently the consumption 
power at a relatively high rate per ton-mile. Broadly speak¬ 
ing, therefore, these mountain water powers in sections where no 
deposits of fuel exist are of especial interest and possible value 

in relation to transportation. 

The question whether it would pay to substitute electricity 
fox' steam as motive power on a given road, or a given division 
thereof, or even on a certain mountain grade, can be answered 
Only by exhaustive and competent consideration of many factors, 
mnong which the cost of power, while an important one, is not 
necessarily controlling. It is impracticable, therefore, to at¬ 
tempt to fix with precision as a general case the limit of allowable 
investment in water power development within which a saving 
fox' electrification would be shown, as compared to operation by 
steam. 

It may be pointed out, further, that where cheap water power 
is available in connection with transportation in a hilly or moun¬ 
tainous country, the conditions which control the extension of 
a i-ailroad system are .affected by the’fact that cheap electric 
power makes it practicable to adopt grades exceeding the limits 
wlxich experience has established in steam practise. The result- 
ixxg possibility of shortening lines and reducing the cost of the 
permanent way construction may be important in new territory, 
allliough it must be noted in this connection, also, that as re¬ 
gards new lines in such territory over which traffic for a time is 
tisnally light, the investment in hydroelectric plant and in rail- 



408 STILLWELL: WATER POWER DEVELOPMENT [Apr. 26 

No consideratton of the problem of electrifying a railroad or a 
*v.sion, or a mountain grade, is complete wSh fSk ?^ake 

mto account the fact that the cost of competing steam power hS 

■ decreased materially in recent vpat-c k • P tias 
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duced bv steam tin' ^ electric power pro¬ 
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struction and pmcSf'Sm "imp^TSSlt '’1“b“”' 

uratr“" *' X“; 

quSd fiftZ 7; T\^ ““ than was re- ' 

tan HevlM 7 “'I®™"-’™’ which the Manhat- 
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turbine-driven unit tnda ^act that a 5000-kw. 

the cost of the engine-driver*^ "^hile 
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HierlyonrmTkr ^r^^^^^^^^ -®- 
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steam turbines, in producing electric noweTt 
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service, will use not mn -fif large cities, or in railway 

best steam practise fifteen ®°^^ 

pounds. W required three 
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As in the case of stationary steam plants, so also in the case 
of steam locomotives substantial progress in fuel economy 
has been made in recent years, and still further progress in this 
direction must be anticipated and taken into consideration in 
connection with future utilization of water powers aiming, in 
whole or in part, to supply electric power for railroad operation. 

Power and Transportation Development on Navigable 

Streams 

The relation of cheap power and waterways, as simultaneously 
developed by the construction of dams on so-called navigable ” 
streams, is a subject so complex that I can glance at it only in 
certain aspects. By constructing a dam at a suitable location 
on almost any stream of reasonable magnitude, a certain amount 
of power will be produced and a stretch of navigable water of 
more or less length developed. What the commercial value oi the 
power thus produced will be depends primarily upon the cost 
of competing steam power as it is produced, or might be pro¬ 
duced, in the same locality, and upon the demand for power for 
industrial and other purposes. What the value of the resulting 
stretch of slack water may be for purposes of navigation will 
depend upon so many varying conditions that profitable general¬ 
ization is practically out of the question. Each project of this 
kind should receive the most careful consideration, not only from 
the standpoint of technical engineering, but also from a broad 
economic standpoint. No conclusion which points to the in¬ 
vestment of an amount of capital in excess of that which would 
suffice to produce an equivalent result as regards the production 
of power, the provision of t-ransport facilities, or both, can be 
sound. Railway rates being now subject to regulation by the 
Interstate Commerce Commission, the argument that the con¬ 
struction of a waterway possesses an economic value to the 
community in its effect upon railway rates, loses whatever force 
it may have possessed before a proper method of protecting the 
shipper was available. To expend public or private money in 
constructing waterways for such a purpose is to waste a part of 
that very accumulation of capital by the nation upon which 
further development of our resources in transportation, in power, 
and consequently in practically every form of industry must 
depend. 

As regards power production, investigation of every project 
aiming to accomplish the double purpose of producing power 
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SLXtole'rff"''”'' liave reference 
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have referelTr? construction of a dam, it should 
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Price of coal per ton.. 

$1. 

$2. 

$3. 

$4. 

$5. ‘ 

Interest depreciation and 






taxes at 12 per cent. 

$382,200 

382,200 

382,200 

$382,200 

$382,200 

Operating labor and material. 

175,000 

175,000 

175,000 

175,000 

175,000 

Annual costs, excluding coal.. 

$557,200 

557,200 

557,200 

557,200 

557,200 

200,000 tons coal.. 

200,000 

400,000 

600,000 

800;000 

1,000,000 

Total annual costs. 

$757,200 

$957,200 

$1,157,200 

$1,357,200 

$1,557,200 

Cost per kw-hr. 50 per cent 






load factor. 

0.35c. 

0.44c. 

0.53c. 

0.62c. 

0.71c. 


From the standpoint of power production, we may now 
determine the approximate limit of investment in the proposed 
hydroelectric plant, including the dam and its appurtenances. 
It may be assumed that annual operation and maintenance will 
be $1.00 per kilowatt. The permissible investment will depend 
directly upon the percentage assumed for capital charges, includ¬ 
ing interest, taxes and amortization. If the required capital 
can be secured from investors who are content to accept 6 per 
cent, the total capital charges will approximate 9 per cent. 
If it must be obtained from investors who have other oppor¬ 
tunities for investment where they will not only receive interest 
on their investment but also will have a chance to double their 
money (and what industrial or commercial enterprise can be 
financed by private capital which does not offer this apparent 
opportunity?) we must assume capital charges at 15 per cent. 

The first cost per kilowatt of maximum hour output equals 

Cents per kw-hr. X ^nd the limit of investment 

Capital charges % of first cost 

theoretically permissible if capital charges are taken, respectively, 
at (a) 9 per cent,(b) 12 per cent, (c) 15 per cent, is as follows: 


Coal at. 

$1. 

$2. 

$3. 

$4. 

$5. 

(a) Cost per kw., 9 per cent cap. charges. 

$157 

$201 

$245 

$289 

$333 

(b) Cost.per kw., 12 per cent cap. charges. 

118 

151 

184 

217 

249 

(c) Cost per kw., 15 per cent cap. charges. 

94 

121 

147 

173 

199 


The above table, upon the premises assumed, leads to the 
conclusion, for example, that in a case where coal costs $3.00 
per ton and capital can be secured upon terms which make 
total capital charges 15 per cent per annum, an investment of 
$147.00 per kilowatt is justified. 
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howevTr it S conclusions from the table, 
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no river in the United States the potential value of which as a 
producer of power is not radically affected by an occasional 
period of very low water. In the greatmajority of power develop¬ 
ments on such streams it will be necessary to provide and utilize 
steam power as an auxiliary. Conditions under which this neces¬ 
sity has developed in practise, and will continue to develop as 
new projects are undertaken, are so varied that it is impractic¬ 
able in a short paper to attempt a comprehensive discussion of 
the economic limitations of the problem. For our present pur¬ 
pose the foregoing illustrations of the limit of investment theo¬ 
retically practicable where capital is available, as fixed by cost 
of competing steam power, and the general effect upon that limit 
of any reduction in the amount of water power continuously 
available, are perhaps sufficient. 

It is an interesting fact, sometimes overlooked, that the reduc¬ 
tions in cost of steam power which in recent years has resulted 
from decreased cost and increased fuel economy of steam plants, 
has reduced very considerably the limits of investments in water 
powers which, theoretically at least, were permissible, say 
fifteen years ago. Within that period the cost of high-grade 
steam plants of large size has been reduced about $25.00 per kilo¬ 
watt. The amount of coal required to produce a kilowatt-hour 
has been decreased approximately one-third, and the capital¬ 
ized value of this saving is a further amount which must be de¬ 
ducted from the investment permissible in developing a water 
power. 

As regards the stretch of navigable water immediately above 
the dam and resulting from its construction, it is obvious that 
the value of this depends upon its relation to navigable water 
above it and below. In connection with the construction of 
the dam, it is usually practicable to build locks of any required 
size. 

It is not necessary to point out to members of this Kistitute 
the fact that no conceivable general system of inland water 
transportation could parallel the railroads of this country and 
perform equivalent service. Whatever the policy of our railroads 
may have been in the past in regard to stifling competition by 
boats operating on inland waterways, the controlling and 
fundamental reasons for the abandonment of approximately 
twenty-five hundred miles of canals, constructed during the 
first half of the last century by states or by corporations, are 
to be found not in that policy, but in the fact that the invention 
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and development of the steam locomotive made it possible to 
build railroads which, constructed at less cost per mile, could 
operate throughout the year, could transport traffic between 
two given points in a fraction of the time required by the canal, 
and at comparatively little expense could provide terminal 
facilities, practically bringing the railroad to the door of the 
factory and capable of easy extension to meet the shifting 
requirements of our growing communities. 


Canals vary between such wide limits, as regards width, depth, 
and topography of the country through which they have been 
constructed, that averages must be used with caution, but it is 
interesting to note that, exclusive of the Panama Canal, the 
aggregate length of canals built by the United States Govern¬ 
ment up to the present time is something less than 1400 miles, 
the average cost per mile being approximately $80,000. 

■R e may compare with this figure the average reproduction 
cost per mile of single-track railroad, as fixed by State commission 
m . mnesota, Michigan and Wisconsin, in 1907, 1900 and 1903, 

respec uej. The reproduction cost as fixed by the Minnesota 

commission is $44,888- as fixed bv i\/r; i,- 

C9fi mo r, A ^ hy the Michigan commission, 

tS T* commission, *30,910. 

the cosl of the aterae?crn!l f 

hitherto eon tit f u t ^ (exclusive of the Panama Canal) 
hitherto constructed by the United States Government while 

the_ average of the three appraisals is about $35 000 On this 
basis a double track un rnis 

per mile. ^ ^ ^ ^ approximately $60,000 


barges, and, on the other a ra.ro.d f' “ “"T 

compare canal operation usina el '7 mterestmg to 

attained on the electrit^Ar^ ’ p- ^ power, with results 

& Hartfori Railrlid ^ew York, New Haven 

The following data are r 

Putnam and the writer ^ S- 

Institute, March, 1908 and relate t ^ 226 th meeting of this 
& Navigation Company^ ext canal of The Lehigh Coal 

■ ^ state of Pennsjdvania ^«®tol in 

Length, L. C. & Tsj Cn ’ 

rOta! nii,mber of locks • Lc ;wL^Can"f’T°n Bristol, 106.2 miles. 

Size of Barge used in test- lenc^th S7 Canal, 22; Total 70. 

.S fh o o 87 ft. 6 m.; width 10 ft. 5 in.; draft 


2.2 in. 
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Weight of barge (tons of 2000 lbs.): empty 23.8 tons; load 113.2 tons; 
total 137 tons. 

Watt-hours per total ton-mile, 4-boat tows, about 23 watt-hours. 

Watt-hours per freight ton-mile, 4-boat tows, about 33 watt-hours. 

Traffic capacity of canal, if all existing locks changed to 4-boat locks: 
40 minutes interval between 4-boat tows = 72 boats in 12-hour day, 
or maximum total tonnage of 72 X 113.2 = 8150 tons freight in 
12 hours. 

Maximum speed between locks, 4-boat tows: loaded, 3 mi, per hr.; 
empty, 4 mi. per hr. 

Time for trip of 106 miles, about 85 hours down, loaded = 1.25 mi. per 
hr. average; about 75 hours back, empty = 1.42 mi. per hr. average. 

The watt-hours per ton-mile were determined by test, the 
company having equipped several miles of its canal with an 
electric haulage system, with a view to determining the advis¬ 
ability of substituting electric power for mules. It will be noted 
that the energy required per ton-mile, using four-boat tows,— 
the average load of the barges being 113.2 tons—was about 23 
watt-hours for a maximum speed of three miles per hour between 
locks and an average speed of 1.25 miles per hour between ter¬ 
minals of the canal. 

On the electrified portion of the New York, New Haven & 
Hartford Railroad, during October and November, 1914, the 
energy consumption per ton-mile of train weight was 27.3 watt- 
hours in the case of slow freight, averaging 10.85 miles per hour, 
and 28.5 watt-hours per ton-mile in the case of fast freight, averag¬ 
ing 18,2 miles per hour.* On this part of the New Haven freight 
runs are comparatively short and power consumption conse¬ 
quently high, and it is safe to say that in the case of a run of 106 
miles, under average conditions of stoppage and interference ob¬ 
taining on double-track railroads in the-United States, power re¬ 
quired to maintain an average speed of eighteen miles per hour 
would not exceed that required in the case of The Lehigh Coal & 
Navigation Company canal in maintaining an average speed of 
1.25 miles per hour. 

As regards capacity, it will be noted that, even were the locks 
of the canal between Coaljport and Bristol so reconstructed as to 
permit operation of four-boat tows, the maximum tonnage in 
one direction during a twelve-hour period is 8150 tons. In this 
instance the cost of a double-track railroad would not exceed 
that of the canal, and it is obvious that its capacity would be 
greatly in excess of the maximum traffic possible through the 


^Article by W. S. Murray in Railway Age Gazette, April 30, 1915 
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canal. For example: a 2500-ton train would carry about 1600 
tons of coalj and it would be necessary to pass onlv five such 
trains over the road in a given direction during twelve hours to 
equal the capacity of the canal. On a double-track railroad such 
trains could be easily operated on thirty minutes headway, which 
would mean a freight capacity in each direction equal to 4.7 
times that of the canal. In the case of the railroad it would be 
possible, if necessary, to double this capacity by decreasing the 
headway to fifteen minutes, which, for a speed of eighteen miles 
an hour, w’^ould be entirely practicable. 

Without pursuing this subject further, it is evident that, from 
an economic standpoint, practicable development of our inland 
waterways is limited to a comparatively small number of rivers, 
whose channels through a relatively large proportion of their 
utihzable length are of sufficient depth to permit boats of reason¬ 
able draft to navigate them, and which are so located as to permit 
shipment of heavy tonnage over considerable distances There 
are enough of such rivers within the boundaries of the 

mS. S K unprejudiced thought of our states- 

tTat udh h u /fengineers. The amount of money 
whkh a e e? V of projects of this kind 

of nubS nrexpenditure 
priL which transportation enter- 

col7Lffi ^ themselves when examined in the 

of other enternrilp^^^if^^f^^^’ delay in the development 

to our resou-?r ^ "^^^"ble additions 

industry *"^°®P°rtation and manufacturing 
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Discussion on “Electrochemical Industries and Their In¬ 
terest IN THE Development of Water Powers ” 
(Addicks), “ Water Power Development and the Food 
Problem” (Cushman), “Relation of Water Power 
TO Transportation ” (Stillwell), Washington D. C. 
April 26, 1916. 

David B. Rushmore: As we all know, the world in its advance 
has been marked by certain definite epochs which have been 
associated more or less with certain inventions. Unfortunately, 
not all of these have been recorded in the United States Patent 
Office, because when man invented power and the use of powder, 
and the use of fire, the Patent Office was not organized.' 

It is interesting to see that the civilization which we have in 
this age is sharply distinguished by certain features, and to my 
mind the particularly distinguishing feature of this age (which we 
will say runs back something over one hundred years) is the 
large use of energy and the great advantage which has followed 
from its use. Our whole civilization is based on the fact that 
we consume an amount of energy per individual far in excess 
of the energy which that individual can evolve. 

If we had a complete statement of the facts, we would find 
that in the last one hundred years there has been an enormous 
increase in the use of energy per inhabitant. The world, and 
particularly the United States of America, in the past hundred 
years has gone through a rapid cycle of activities. Their 
sequence has been exploration, hunting and fishing, lumbering, 
mining, agriculture, and finally industry, including manufactur¬ 
ing. 

The United States is approaching the industrial age, and that 
is one of the reasons for some of the economic diseases which 
we may or may not be able to ward off. The food products are 
falling off, exports of manufactured products increasing. This 
indicates a change of flow of commodities. 

Now, this being an. industrial age, and the age being founded 
upon the consumption of energy, it is rather interesting to show 
in brief outline what our principal industries are. At the top 
stands slaughtering and packing, and it is followed by foundries 
and machine shops, lumber and timber, iron and steel, 
flour and grist mills, printing and publishing, cotton goods, 
men’s clothing, boots and shoes, woolen, worsted and felt 
goods, tobacco, car shops, bread and bakeries, iron and steel 
blast furnaces, woman’s clothing, copper smelting and refining, 
malt liquors, leather, sugar and molasses, not including beet 
sugar, butter, cheese and milk, paper and wood pulp, automobiles 
furniture, petroleum refining, electrical machinery, distilled 
goods, hosiery and knit goods, and a great many others, in which 
the value of the annual production is over $100,000,000. 

Now, if 'we withdrew the energy from the world, if we for a 
moment withdrew the energy from our civilization, we would 
go down like an infant whose food is withdrawn from it. That 



418 


WATER POWER DEVELOPMENT 


[April 14 


dependent on energy, and anything 

« To"; TT.S" “"- 

locSfo^anTfiLH ^ouxce^ of energy, fixed as regards 

it regards certain attributes and factors which 

factnrfnf aL relation, of the different 

tfon to industries, of food production, of transporta- 

tion to the source of energy on which they will draw? 

coTvAlprAa ® have often 

rwateroo; a . conservation. The only way to conserve 

sunnlv^rrf A tc conserve a coal 

? question that is not often raised, but 

s involved in all of the papers this afternoon, is the great im- 

LcS^p’ii, ^A generating apparatus, both as regards the 

vllfe S foi ^oal instead of the 

bSore last ton of coal in the world, the final ton, 

that its iraU ° ®‘-i”acthing else, cost 80 cents, we can all say 
of SfAnlfaA^-i worth more than 80 cents, so that the value 
in fa At IIA ®^Pply ^h^ch we are not conserving in any way, 
to ?o ^y ^^^owing such waterpowers 

detP^i^A^ K economically developed cannot be 

that^Ab fr^ detracting just 

committed =A^ government, if a combination of* individuals, 

food sunnhi which robbed our civilization of some of its 

some o??t some other necessity equally great, or even of 

cause for ^^ere would-be protest. Just that same 

ffivolvPd exirts against ourselves, for we are all 

enefZihfoh the best way we can the sources of 

their^orth would not diminish 

mav persisting in the use of sources of energy which 

th^nSeSa Ta exhausted. Take into consideration 

modifies friArpacA^^^^^ sf consumption, increase in com- 

raTTTTon flTT ““ ‘'“-•"““i™. - 

en^^e^^'s^^tbil viaterpower and its relation to these different 

to SeLt pinrfA'^ them, susceptible 

are^manfwatPrA^i! A^y Personal belief is there 
develooed at tbp-no ynited States where power can be 

be canabfp oVh^-A d than steam will ever 

house ic diffprA f f ^veloped, but water power at the power 
'Snv o/mfr i y°m water power one hundred miles Lay. 
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tion as it has arisen, the people do not understand, its value. 
They sit still, until some one devises and works out some prac¬ 
tical way of doing things. When the people are educated, so that 
they can understand what is going on, then they will take 
action with regard to the development of such problems. 

The railway electrification which has taken place in this 
country started in the East. The first railway electrification 
was practically forced by legislation, due to an accident in New 
York, and that has meant that the railway electrification has 
been largely based on steam power, on energy derived from coal. 
There has just begun a larger railway electrification. The 
transcontinental trunk lines have taken up electrification. The 
Chicago, Milwaukee 8c St. Paul is the first one to go into the 
use of energy derived from waterpowers. They are electrifying 
440 miles of their road between Harlowton, Montana, "and 
Avery, Idaho, the first half of this being completed and 
in successful operation. Some of the results secured are that 
the cost has been reduced, the weight of the trains increased, and 
the speed of the trains increased. Prior to the electrification, 
a considerable proportion, I do not know the exact number, but 
I think it was not far from 15 per cent, of the locomotives on the 
railroads were simply hauling fuel for the other locomotives to 
use. They have been cut out. One of the greatest dangers on 
the mountain lines is the braking of passenger and freight trains 
going down hill, and the life of the brake shoe is very short. 
With electrical motors there is nothing to wear out, not only is 
the braking done without mechanical friction, but power is 
brought back in the line. 

The very great likelihood is that this road will s,oon electrify 
all the way through to the Pacific Coast, and that will force 
the other railroads to electrification, and force the uti¬ 
lization of these waterpowers, if there is any way of bring¬ 
ing that about. It will require a vast investment, which 
the railroads have got to provide. If they cannot afford it, 
they must attract this investment in order to bring about this 
use of energy. When this waterpower is utilized there will be a 
saving of other forms of energy to civilization, a saving of coal, 
which will not have to be burned up until some time later. 

The point which we are all looking at is this—the relation of all 
these factors of waterpower utilization to our modern require¬ 
ments of consumption. We must bear in mind that once a 
waterpower is developed into practical o-peration its supply of 
energy is continuous and not diminished by time. Some 
sources of waterpower energy are sometimes inaccessible, some¬ 
times they are expensive to deliver, and sometimes they have a 
very intermittent stream flow. In certain cases the waterpower 
can be tied in with another system, a steam station, which, with 
the waterpower, will develop power for transmission over long 
distances. In some cases the waterpower plant cannot be 
physically or economically separated from the steam plant, as a 
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where they could obtain power from steam at a cheap price. 
That brings me to a point which Mr. Addicks might have ex¬ 
pressed a little differently. He compares the cost to an electro¬ 
chemical consumer of water power and steam power, and taking 
the cost of water power around $20 per horse power per year, 
which he presumes to be the present Niagara price, compares 
that with what he conceives steam power can be generated for in 
large units. In one case he is dealing with a selling price at one’s 
plant including a profit; in the other with an actual cost. The 
answer to Mr. Addick’s question is that these plants have been 
moving and are moving from the country. Those of you who 
are familiar with the conditions of the electrochemical industries 
of Niagara Falls know that when the restriction was put on the 
power developments at Niagara Falls, in 1906 and 1907, an 
emigration of electrochemical plants producing materials not for 
foreign markets but for American markets started and has been 
continuing ever since. That gives, as far as one can answer 
the future by surveying the past, the answer to Mr. Addicks’ 
question—Why do the plants stay at Niagara Falls? The answer 
is they do not, and they will do so, apparently, to a less and less 
extent. The reason for this is, of course, as everyone knows, 
that there is at present a power famine at Niagara Falls, par¬ 
ticularly on the American side of the border. 

The location of such plants at other points in the United States 
where^cheap water power may be available is only possible in the 
majority of instances where these water powers are most favorably 
located. I made some calculations a few days ago comparing the 
cost of water power with the costs of freight on finished electro¬ 
chemical products. A reasonably cheap freight rate, as you can 
all appreciate, is vital in the electrochemical industry. It 
appeared that a thousand mile haul to the center of the area of 
distribution would be equivalent to a difference in the cost of 
power, as a rule, of from $10 to $20 per horse power year; in 
one or two instances much more. 

vSo far as the electrochemical industry is concerned, this 
question of water power is a vital and pressing subject. Unless 
the electrochemical industry is able to get the power as it requires 
it in economically available locations, that industry will relocate, 
and to a great extent will relocate abroad. By the time you have 
converted power into electrochemical products, and utilized 
those electrochemical products, and have figured what it would 
mean to this country to stop the progress which those electro¬ 
chemical products have made possible in the fundamental in¬ 
terests of this country, Mr. Rushmore’s $100,000,000 a year will 
look like nothing. 

Henry G. Stott: The question that seems to run through all 
of the three papers might be put in a few words—How can we 
get power cheaper? Is there any way in which we can develop 
power cheaper than it is being developed at present, which will 
admit of the develoioment of the electrochemical processes? If 
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we go back perhaps we will see why the electrochemical industries 
today are tending to move away from Niagara Palls. 

Fifteen years ago Niagara Falls was unquestionably producing 
power more cheaply by water than by any other method which 
could be found in this country. In the meantime the evolution 
of hydroelectric equipnient has gone on quite slowly, as it had 
a very high initial efficiency. Let us look, on the other hand, 
at the steam plant. The ^hydroelectric plant, let us say, has 
made 10 per cent advance in fifteen years, but in capital cost it 
has not made any advance at all, if anything the capital cost has 
gone up, as the cost of labor and material has run up. 

Let us look at the steam plant. To begin with, the capital 
cost of the steam plant in fifteen years has been a little more 
than cut in two. The next point is that the steam plant is 
now making power with approximately one-half the coal re¬ 
quired fifteen years ago. Those are two enormous points of 
advantage. 

I was very much interested in going over a situation recently 
which involved tacking on, as it were, a steam plant to a large 
hydroelectric system. It fell to my work to look into the eco¬ 
nomics of the situation as well as the engineering possibilities. 
After going into the situation carefully I came to the conclusion 
that up to a certain load factor we can today produce power 
more cheaply, with a lower overall cost, (including fixed charges, 
and operating cost), by a steam plant than we can by any 

hydroelectric plant now in existence applied to this particular 
case. 

The overall costs of power were approximately equal at a load 
factor of 60 per cent. Above that the hydroelectric plant began 
to show a little better results than the steam plant. Below 

that point the steam plant was better relatively as the load factor 
went down. 

Now, what we learn from these facts, is simply this—that 
If we want to produce power at a lower cost than we can do 
today by hydroelectric plants, we must use some combination of 
steam and hydroelectric power, the steam plant for the peak 
loads and the hydroelectric power for that part of the load 
having load factors of over 60 per cent. 

With this combination, as I found in the investigation referred 
o, the total cost of power, showed a reduction over what could 
^ by either steam power or hydroelectric power alone. 

there is one feature that Mr. Rushmore touched on, which 
whole discussion should go back to, and which we 
s ou present to our legislatures and explain the situation as 
clearly as possible to them; that is, if we can produce steam for 
the average purposes, for the use of those industries which in- 

considerably below 50 per cent, 
why bother with hydroelectric power at all? There is no use 
m ping into it where the load factor is below 50 per cent There 
IS hardly a single hydroelectric power left which it will pay to 
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develop if the load factor is below 50 per cent. The conserva¬ 
tion of our limited supply of coal, however, demands that every 
possible means of reducing the annual consumption of fuels 
should be enforced for the benefit of posterity. 

At the time of the last census there were approxim^-tely 
1,750,000 kilowatts developed hydroelectrically in this country. 
I wonder if we realize what that means? That means that ap¬ 
proximately 20,000,000 tons of coal per annum are saved to 
posterity. That, it seems to me, is the real point that we should 
drive into the minds of our legislators if we can,—we should do 
everything possible to save our limited supply of fuel. 

The improvement in the efficiency of steam plants has been 
remarkable during the last fifteen years, so much so that, as I 
said before, the total cost of power has been cut in two. I 
think there is a possibility of going still-further, there is perhaps 
10 or 15 per cent left to work on with the present cycle, but the 
important thing, it seems to me, is to stop the use of coal wherever 
we can do without it, by developing our hydro power. That 
would look like a good situation for the government to consider 
in aiding rather than retarding the development of hydro power. 

_ Gano Dunn: The average load factoi of all the central sta¬ 
tions in the country, including water powers, according to some 
government figures I recently saw which I trust I interpreted 
correctly, is under 20 per cent, which drives home the importance 
of Mr. Stott’s remarks about the difficulty of a water power 
competing in the power market with a steam power when water 
power is only good, or at its best, at high load factors, and can¬ 
not hold its own at low load factors with the present efficiency 
of steam production. 

Those interested in the water powers are keenly desirous of 
finding some way of getting the cost of power down, in a way 
that might be regarded as intrinsic, as distinguished from the 
way Mr. Stott referred to and others have referred to, of supple¬ 
menting the water powers with some auxiliary. An intrinsic 
way would be the development, of processes that could take 
secondary power, whose costs of interruption under the second¬ 
ary power plan would not more than offset the gains due to the 
cheapness of secondary power. 

I hope we can get a full discussion from our electrochemical 
friends in regard to the degree of interruption permissible, and 
its economic effect in order that we may study to what extent 
secondary power can be used to absorb the now wasted surplus 
power of a great many hydroelectric developme.nts. Such 
absorption would not only give cheap secondary power but would 
have a reaction reducing the cost of the primary power; in other 
words, both services would be considerably reduced in cost. 

Mr. Stillwell significantly points out the changed equation 
between steam power and water power in application to the 
electrification of railways. It is unfortunate that three-quarters 
of our power consumption is in the east and three-quarters of our 
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potential water powers are in the west, but if we want to do some¬ 
thing about the water power situation, and do it promptly, 
without going into the realm of doubt, there is a large amount of 
work cut out by attacking those situations where the water 
power IS actualh? cheaper than steam power on account of the 
high co^ of fuel, and where the railways would benefit enor- 
mously by using such water power as is available. One reason 
they have not used it in the past has been quarrels among 
electncal engineers as to which system of equipment was the 
best, these questions are very rapidly settling themselves. 
I he railroad men, who are conservative, have been deterred 
frorn adopting electrical systems, not knowing how soon they 
might be changed. In introducing electrification upon the 
railways it has required large amounts of capital, and capital 
has been difficult to raise in the last decade on account of rate 
regulations^ and similar restrictions, as well as on account of the 
general attitude of the public; and the railways have felt that it 
would be better to “ suffer the ills they have, rather than fly 
o others they knew not of.” It is for us to show that this time 

has passed, and that the time for the more general electrification 
of the railways is at hand. 

+1,^^ those ^mterested in water powers,-and if those interested in 
he electrification ^ of railways, especially in the Pacific and 
mountain states, will devote their energies to bringing the various 
interests and engineers together, so that there may be mutual 
understanding, we can at least make a good start by using such 
water powers as at present can be used to advantage. Once 
we s arted, there would be indirect advantages of electrification 
that will start a general movement and will show that these 
indirect advantages have, perhaps, been underestimated, and 
there will then be equipped with water power many railroads 

^ quite ready for the equipment. 

. - ■ ”hiteheaa: It has been emphasized that the cost of 

c ric power from steam plants has been decreasing while that 
o power from water plants has remained practically stationarv. 
ofPprhfa liss in the general low efficiency of steam plants, 

I’ opportunity for improvement and also the 

lower first cost due to the development of the steam turbine. 

it in any way be possible to im- 
of the hydroelectric plants in the same direc- 
lem “F^^Ponding to those exerted in the steam prob- 

directed to the water plants? While improve- 

S Pl“ts, comparable to 

should^hfP for, it 

cost of lit ™ types of plants, to reduce the first 

of ei?rtroofo “i • ^® possible in an aggregation 

genera ries and a water plant in which the 

the dirffinatfon moderate voltage and with 

tne eiimnation of ffigh-tension control and nrotection It 

would also appear not impossible to have the generating station 
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under these circumstances, practically of an out of door type, 
with such simplified control as would be necessary, located in 
one of the industrial plants. While this does not attack the 
larger cost of the dam and reservoir it seems to offer some op¬ 
portunity for further reduction of cost of the station. 

L. H. Baekeland: The standpoint of the chemist or electro- 
chemist can be summed up in this way—we know how to take 
care of the chemical side of the proposition, but we are enor¬ 
mously hampered by the lack of cheap power. We hoped that 
you, electrical engineers, were going to help us in our needs. 
But when you talk so hesitatingly about the possibility of our 
water powers being cheapened, and, on the other hand, when we 
consider that our increasing steam power plants will exhaust 
so much the sooner our available supply of coal, I must say that 
I feel somewhat disappointed. 

The situation is as follows: In some of our electrochemical 
industries, we are suffering from lack of abundant power even 
at high prices, say $20.00 a horse power year. The case has 
been very well stated by Mr. Lidbury." There are certain 
electrochemical industries where we can afford to pay relatively 
well for power, provided we get the power at the right locality, 
the right point for the market, the right point for freight, the 
right point for raw materials, and the right point for labor. 
Niagara Falls is one of those places, but the amount of power 
produced is all taken up, and further development is prohibited 
by law. Then there are some industries which could not live in 
Niagara Falls, even if you could supply them with all the power 
of Niagara Falls, because the price of power there is too expensive, 
and I cannot better illustrate this than by taking the example of 
our contemplated nitric acid supply in relation to the defenses 
of the country. When it comes to making nitric acid for war 
purposes, it does not matter how much it costs, because it then 
can be made regardless of cost. Nowadays the people who are 
fighting in Europe do not figure how much it costs them; some¬ 
one else will have to pay for that. For example, phenol which 
in times of peace is rated expensive at seven cents a pound when 
it is to be used for peaceful industrial purposes was found cheap 
enough for the making of explosives in time of war at $1.75. 
The same thing can be said of nitric acid. The Germans, when 
they wanted nitric acid, did not discuss the que^stion of the cost 
of power; they simply erected steam and gas power plants as 
fast as they could so as to become independent from Chile salt¬ 
peter in their nitric acid supply. But there is a more important 
question in connection with this subject, a subject of far-reaching 
national importance, and that is the production of cheap nitro¬ 
gen-fertilizers. I am sorry to have to say that in connection 
with the production of cheap fertilizers, the problem looks much 
more difficult, because for this purpose, power should not cost 
more than five or six dollars per horse power year. 

There is one point of view which has not been brought out 
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L. S. Randolph (by letter): Mr, Stillwell overlooks one or 
two points in regard to the locomotive situation, which I think 
should be dwelt upon. 

The largest locomotives that we have been able to get only 
give about 4000 or 5000 h.p. and that seems to be the limit for 
the present length of locomotive. 

Six drivers in series, or coupled by one set of rods have been 
used but were not found successful, five are being used on some 
of the Western roads where very heavy grades are concerned, 
but as a rule four drivers coupled together or the consolidation 
type, seems to be the limit and in the Mallet many of these are 
running back to three pairs of drivers coupled together, although 
the Henderson Mallet on the Erie has four pairs of drivers 
coupled together, having three sets, making twelve pairs. This 
seems to be the largest locomotive so far and the problem comes 
to “ what is the limit in length?” as it is practically impossible 
to increase the cross sectional area of the locomotive, and there- 
fore increase its size in that way. It is as high now as the bridges 
and tunnels will stand and as wide, and any increase in that 
direction w'ould mean an entire rebuilding of the permanent way. 

So far, the voltages now used permit 9000 h.p. and this has 
been transmitted by one wire, two wires, df course, would double 
this, and with higher voltage and smaller amperage still greater 
h.p. could be transmitted, and with motors under each car, as in 
the case of street railway cars the limit is almost infinite. 

Another point that should be considered in figp.ring on the 
economy is that the coal consumption is really a comparatively 
insignificant item. If one studies the development of the steam 
locomotive he will find that for years and years, in fact,’ up to 
the last five or ten years comparatively little attention was paid 
to the coal consumption. This was due to the fact that the 
addition of one or more cars would add to the income of a railroad 
enormously greater amounts than the cost of the additional coal; 
so that all the development was towards increasing weight, size, 
lessen track resistance, etc., so as to get the highest possible 
hauling capacity for a locomotive. Some five or ten years ago 
the limit of the size of the locomotive was reached, and therefore 
the limit of the size of train it pulled. Attempts were made 
then, not to reduce the coal consumption so much, but to get a 
larger capacity out of the boiler and a larger h.p. capacity out of 
the coal consumption. We had from this, the introduction of 
super-heated steam and feed-water heaters, which were adopted 
not so much towards the saving of coal as for the increased 
capacity. ' 

The application of electricity to steam railroads is indicated 
at the present day wherever the density of traffic makes it 
impracticable to handle readily the traffic with the steam locomo¬ 
tive, as a case in point, it is stated that on the Elkhorn Electrifi¬ 
cation of the Norfolk & Western Railroad in West Virginia, four 
or five electric locomotives handle the work that required seven¬ 
teen Mallets of the largest type. 
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Wherever such a state of affairs exists as just mentioned- 
el^trification will give large returns on the investment 
Lawrence Addicks: I think we must all be struck in this 

the philosophic tendency which it has taken, 
t hows that the en^neer of today has to be a political economist, 
a conclusion at which he has been too long in arriving. 

As to Mr. Lidbury’s discussion I think it is safe to say that 

power year from a laree 
plant meaning perhaps a 25,000 or 30,000-kw. plant, but I 

qualify yat to this ex.tent, that we assume the prices for fuel 

In ^?'li s r 1 o r i * * ago, and not the 

gn prices that are prevailing temporarily on account of the war 
siLuanon. 

As to what _Mr^ Stott said about the load factor, of course, a 

1 electrochemical industry feel that we have a 

100 per cent load factor, and the question does not enter there 
as in public utility work. 

mi^ interruptions of service, 

IS not practicable to talk about diurnal 
intemuptions in order to decrease the consumption of power 

of three or six hours_ a day-I do not believe it will wo?k out 
satefactonly, except in some possible case such as the carborun¬ 
dum industry, where the whole furnace is torn down after a 

sStion''wh?cbh°^ I do think there is a possible 

solution, which seems a little fantastic. Suppose we took Ni- 

wheek^Sd ^thlf ? whole four million horse power in water 
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evenSdv M satisfy 
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1916] DISCUSSION AT WASHINGTON 429 

sidiary steam plant to make a* water power plant pay, I would 
rather have it that way than allow our water to continually run 
to waste. This may not sound very practical, but surely there 
is such a thing as building and preparing for the future. More- 
' over our electrochemical industries need water power, and al¬ 
ready in some cases are going abroad to find it. I am at least 
practical enough to realize that if we are to have cheap water 
powers we must have cheap money to develop them. The 
government can borrow money at low rates, or the government 
could guarantee or endorse water power bonds under properly 
safe-guarded conditions. I for one can see no harm in such a 
suggestion, and would advocate such a plan if I had the oppor¬ 
tunity. To my mind it is one way of keeping the government out 
of business, but I confess I would rather have our government 
develop those water powers that ought to be developed than not 
have them developed at all. The government might build the 
dams and lease the power under proper regulation, but this would 
mean the use of government money, with the usual pork barrel 
danger. Under a guarantee plan, the government would use 
' nothing but its credit unless some water power failed to earn 
the interest on its bonds. Why should Norway get cheaper 
money than we for water power development? Some way out 
of this situation ought to be found, for many people in this 
country believe that these things are worth doing and worth 
doing now. 

L. B. Stillwell: The last speaker, Dr. Cushman, made a 
statement which it seems to me is fairly debatable from an 
economic standpoint. To my'mind the proposition that the 
government should endorse water power bonds is economically 
as unsound as—possibly it is worse than—the proposition that 
thQ,j government should build a systefn of canals to parallel our 
railway systems. The government never yet has been able, I 
think, to father industrial enterprises or transportation enter¬ 
prises with that degree of scientific discrimination which is 
essential to a right result. 

Private capital in this field needs no endorsement by the 
government. What it wants from the government is security 
of tenure—definite title or definite lease- so that it can at the 
start before making its investment estimate all the essential 
factors which it must know in order to justify investment. 

Until we have evolved a very different system of economic 
administration of government in this country, I should be sorry, 
indeed, to see the government embark upon a plan of endorsing 

water power bonds. . 

I do not know that there have been any points in my paper 

which have been discussed that I need refer to. Our president 
has touched with great clearness and with emphasis upon the 
point made by Dr. Baekeland in regard to the high rate ot 
interest. I believe that the high rate of interest which we have 
to figure when estimating- a water power development would be 
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coTild^eei^surp rtat +>i secure a definite tenure and if we 

of un W going concern would not become an object 

attack through the power of taxation. It is the fact 

® uncertain which in my experience 

^ Thl development! 

ihe one thing that we need to do—we engineers and all of 

our citizens who understand the economic fafts—is to educate 

in^?oS?o^l-tnect“®^^^ our legislators to get the economic facts 
perspective in order that we may secure legislation 

began in regard to western water powers 

has been°^takp^ to name a water power of importance that 

Ther?!re l .ZhF de novo during that time, 

inere are a number of cases where plants have been extended 

i^^Mted business and the fact that money was already 

i?rot ^eat extension, but the number of new ventures 
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WATER POWER AND DEFENSE 


BY W. R. WHITNEY 


Abstract of Paper 


The United States has no adequate domestic source of fixed 
nitrogen. Nitric acid is an absolute necessity in the manufac¬ 
ture of any form of explosive as well as in the production^ of 
dye stuffs. Ammonia or nitrate compounds are in increa^ng 
demand as fertilizers. The present dependence upon Chile 
is a menace in case of war and involves the payment of export 
duties and profits amounting to nearly $5,000,000 annually in 


times of peace. . .r - j 

Home production is wholly a question of initiative and proper 

utilization of water power. Failure to establish the industry 
in the past has been due to economic conciitions, such as the 
five proximity of Chile and the impossibility of competing with 
the cheap water powers of Scandinavia as well as the lack 01 a 
near-by agricultural demand. The growing need for fertilizers, 
the desirability of establishing a dye-stuff industry and especially 
the feeling of uncertainty in international relations make a recon¬ 
sideration desirable. 

National safety demands the developrnent of a mtrogen 
fixation industry whether it be self-supporting or not. But, me 
industry once established, the products would be of the great^t 
value in times of peace and many other industries would be 
stimulated thereby. Thorough industrial organization is the 


best preparedness for either peace or war. ^ .4. 

Each of the processes under consideration has advantages. 
The problem is many-sided and far reaching and hence it is very 
desirable that the various government departments concern^ed, 
those of the Army, Navy, Agriculture, and Interior, with their 
skilled staffs and expert knowledge, should cooperate in deter¬ 
mining the course to be taken. Immediate action is very im¬ 
portant, since at least two years will be consumed in ge ing any 
process available into operation, after a decision is reached. 


V IEWS on the relationship between our water power problems 
and the problems of national defense are as different as 
they are numerous. No one is safe in assuming that he has,^ for 
long, held the correct view, for the correct view changes rapidly 
with the conditions, and these changing conditions are not 
entirely under control. There are a few facts which it may be 
wise to review because of the changing conditions referred to, 
and because all of us are interested in national welfare. 

A group of these facts which relate to what we call fixed 
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nitrogen should be foremost in our interest.. They may be 
riefly stated as follows. The United States has thus far prac¬ 
tically no natural sources of niter or other form of fixed nitrogen, 
nor has it developed any sources of the artificial products beyond 

ammonia from gas-liquors and coke ovens. 
Niter has always been the sine qua non of explosives, and with 
all the complicated developments which have taken place in the 
eld of explosive manufacture, nothing practical has been pro¬ 
duced which does not depend absolutely upon niter. 

The old type black gunpowder which contained niter, sulphur 
and charcoal, used the salt as such. The later smokeless powders 
made use of the nitric acid produced from niter by means of 
phuric acid._ The cellulose, the glycerine, and the toluol in 
gun cotton, nitroglycenne and trinitrotoluol respectively, are 
wonderful substitutes for. the sulphur and charcoal of the former 

ponder has 

always been the nitro group from the niter. 

This means, to those who are considering the question of 

preparedness for. defense, that our sources of niter need a lot of 

insurance. It is not at all inconceivable that our present available 

supply of niter in South America might become closed to us in 
the event of war. 

UnTiri ^ in the 

inl?ri n hy our fertiliser 

havTtriSt representing agricultural interests 

W tried to bring about reduction in cost of fertilizer necessities 

of ammonia. We have plenty 

turi fr ^ the determining factor in the extent of use of 

sW r “g^edient. In the case of potash we are in bad 

naSbi. i^nlocked sources, but nothing com¬ 

parable with the German supply. We must learn how to 

ocSf waterr^H^rfseaweeds, or our 
economTcahy dol^trsoTm 

UD^touT^TJ^ comes to nitrate and ammonia, ifi is distinctly 
water nowJr Tb 

water power. The raw materials come from the air and the 

the Chilean government at the rate of $2.25 per ton or nearlv 
one and one-half million dollhrs a year for export duty besides 
paying a profit of five to ten dollars per ton to tb« I’ a 
1 s amounts to, say, five million dollars annually. 
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In addition to our fertilizer interests, the country has become 
greatly interested in the aniline dye and chemical industry 
question. No single chemical, is so generally important to this 
industry as nitric acid, and with us it is all obtained from niter. 
This fact seems to be an additional reason for attempting to 
round up our local needs for fixed nitrogen, determine the advis¬ 
able steps to take, and quickly take them. 

It is practically true that the aniline dye industry is essential 
to the manufacture of modern explosives. The identical materials 
which are developed for dyes, now constitute the basic ingre¬ 
dients of the picric acid, trinitrotoluol, and tetra nitro methyl 
aniline used in the present war. The coal tar products, the acids 
and the apparatus are common to both dyes and explosives. 
For this reason, if we are to be efficient, if we are to have plants 
capable of producing explosives in large quantities when needed, 
then those plants must be producing useful chemical and dye 
products in times of peace. 

If it were only necessary to dam the small water courses and 
pump the air through some sort of simple apparatus, in order to 
get niter more cheaply, the work would be easy. The question 
is in reality very complicated. It has never seemed worth while 
to dam the waterways to make niter in this country. In the 
first place, our farms, except in certain long-tilled or special 
localities, have not fallen so low in productivity that it pays the 
farmers to meet the prevailing costs of artificial fertilizer. This 
condition is a continually changing one, and it is always chang¬ 
ing in the one direction. We shall as surely have to come to the 
extensive use of artificial fertilizer as have all the older countries. 
Our western grain and corn states are now producing only about 
half as much per acre as are the eastern states, and the difference 
is in fertilization. 

Secondly, we have been able thus far to procure Chilean niter 
for our limited explosive and chemical manufacture, while the 
processes for obtaining nitrogen compounds from the air have 
been in a state of flux or development. It was a peaceful world- 
economy which established the first practically operative and 
successful nitrate plant in Scandinavia. There such plants are 
close to the cheapest water powers, remote from all other sources 
of nitrate, and near the best markets. Norway’s water powers 
differ essentiallv from our own. Nowhere in the United States, 
not even at Niagara, are there existing grouped conditions such 
as could compete successfully for cost of power with Norway. 
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This is not generall}^ remembered, but to engineers it should be 
plain. In Norwaj^ there was the fortunate combination of ex- 
cee ingljr elevated water level, of quite dependable and high 
rate of uninterrupted flow, with immediate ocean shipping facil¬ 
ities and a world’s hemisphere of well established market close at 

an . n expensive dam, or any dam at all was frequently 
unnecessary. Building sites were probably donated. Fertilizers 
were most extensively used and most of the world’s chemicals 
and dye stuffs were made in the adjacent countries. Under 
sue conditions there was apparently no reason for our country’s 
oing this work, and that is why it has not been done. 

It IS the new conditions which make reconsideration worth 
while. One of these new conditions is our recently acquired 
ee ing o uncertainty as to the permanence of peace. Another 
IS our grow ing need for fertilizers, and a third, our desire to insure 
our textile industries by producing our own dyes and chemicals. 
Jr^robably every human being on the earth today who has reflected 
at all, has^ been astounded at changes which a few months have 
produced in the most civilized countries of the world. It is not 
surprising, that some of us should look about more or less ner- 
vously to see if our powder is all right. 

Judging by past events, I think we are justified in imagining 
con itions yrhich might effectively interfere with our continued 
supply of Chilean niter. Difficulties might arise before the salt 
IS mined, as was the case with potash in Germany before the war. 
ransportation troubles from interference on the ocean, or 
rouble in Panama might be effective in shutting off our supplies, 
^er aps e anger is slight, but if our importations of niter 
should cease then all our efforts at dye stuff manufacture would 
, an a our efforts at national defense, beginning wdth 
ip omacy and ending with torpedoes, would be as useless as a 
poem on Spnng. If we cannot shoot a gun, explode a mine or 
a orpe o without nitrate,, we ought to be sure of our nitrate 
befme we are forced into war. We need powder before we need 
so lers or guns. Evidently this is a matter for mature deliber¬ 
ation on the part of those best fitted to weigh the possibilities. 

ur requirements seem to suggest some early and effective 
ZT'x between the department of the Interior, 

and the Navy, which 
epartments_ are most intimately interested and best equipped 

to form opinions on the separate parts of this subject. 

IS not my intention to consider the different ways of making 
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nitrates, but a few words will show how rapidly the industry 
has recently advanced. 

Since the experiments of Bradley and Lovejoy at Niagara, 
the Birkeland-Eyde electrical process has come into extensive 
commercial use in Norway. The Schonherr process, another arc 
, process, has been developed in Germany, and the Pauling pro¬ 
cess in Austria. The cyanamid and Haber processes for ammonia 
combined with some form of the Ostwald process for changing 
ammonia to nitric acid, have both contributed to Germany’s 
nitrate needs. The cyanamid process, using electrical power for . 
making the calcium carbide, which is later employed for chemi¬ 
cally combining the nitrogen of the air, was said in 1914 to be 
represented by 14 different plants, representing an investment 
of $30,000,000. Since the beginning of the war, this process has 
been greatly augmented, apparently beyond any other. At the 
present time, Germany is probably using artificial nitrates 
exclusively, and the allies are beginning to employ them to a 
lesser extent. 

It is because no group of our national representatives is likely 
to know all aspects of the nitrogen fixation problem, that the 
assistance of different interests and departments seems worth 
acquiring. It seems certain that our demand for nitrates for 
use in fertilizers, in heavy chemicals, pharmaceuticals, and dyes 
in time of peace, together with our possible needs for ammunition 
in times of war, would justify radical steps which any one of 
these apparent demands, taken alone, might not warrant. It 
is also probable that if our peace needs were properly taken care 
of, our war needs would be assured by the identical plants and 
processes. 

It has been suggested that in an emergency, our electric street 
car and city lighting plants could quickly be turned into nitrate 
producers. A suggestion of this sort should be analyzed for our 
government by those competent to judge of the possibilities, and ’ 
not be left to analysis by a pitiless fate. 

It may be worth while to offer an opinion on a few of the ques¬ 
tions naturally asked nowadays by the engineer concerning the 
possibilities of nitrate production in the United States. In 
times of peace and with present synthetic processes, commercial 
success is not possible if the electrical power costs are as high as 
fifteen dollars per kilowatt-year, and there are no profitable by¬ 
products. At about half of this rate one or more of the present 
processes might possibly compete with the natural ante-bellum 
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prices. This could not be done by the use of small isolated 
plants, nor less than full day load of power. In other words, it 
would not attract those who ordinarily sell electric power. 

This is not the nation s question, however. It is more a 
question of whether, in times of dire necessity, we could at some 
inconvenience and high cost, effectively produce within a reason- . 
able time our own requirements of niter. Oould a papt of exist¬ 
ing electrical equipment be quickly utilized for this purpose? 
Under such conditions would a part-day load be permissible? 

■ Could coal be used for power? I do not answer as an expert, 
but I think that W’'e may safely say that it would take us a couple 
of years to get under way with the manufacture on any appreciable 
scale after the delays which would certainly be connected with 
our decision to start, were passed. The cost might not be rela- 
tively greater than are the increased costs of many other pro¬ 
ducts during war time. Electrical equipment already installed 
might in som.e cases be employed, but in all probability this would 
be calledupon for other uses withgreater advantage to the country. 
As most of our industrial plants would have to do what they 
could best do, it seems probable that entiiiely new plants for 
nitrate would be called for. I believe this has been the exper¬ 
ience abroad. In any of the synthetic processes, extensive and 
special types of apparatus are necessary: special transformers, 
special combustion chambers, large capacity air-liquefiers, etc. 

In the absence of water power such a plant could operate on 
steam power, but should be placed as near as possible to a coal 
supply. ^ The possibility ofui-tilizing waste coal, if there is any 
such thing nowadays, is worth looking into in connection with 
this question. It does not seem probable that part-time load is 
practicable even in war time, for the production of nitrate. 

y the arc process, something like three kilowatt-years may 
produce a ton of nitric acid, but when the demand amounts to 
two or three hundred thousand tons of acid per year under war 
conditions, and requires in that case the twenty-four-hour con- 
tinual operation of over half a million kilowatts, the impractic¬ 
ability of getting any appreciable proportion of it from the off- 
peak power of present plants seems apparent. It is only fair 
to note that one of the processes is said to produce the acid at 
nearly a sixth of this consumption of power. But in this case, 
the operation in conjunction with existing power plants seems 
still less possible on account of the nature of the process. 

Nowadays the essentials of national preparedness seem to 
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require longer periods for accomplishment than formerly. When 
it takes years to build a battleship, war is not a brief siege. 
The art of successful defense has become a slow and subtle one. 
It starts with the high school and the education of children. 
It gets its main strength from the masterly control of technical 
" industries. It owes its effectiveness to novelties in ways of killing, 
and its staying powers to business foresight and discreet banking 
policies. It has been well said in this connection that ‘hhere is 
one line of action which we ought to begin at once, and that is, 
we should begin at the bottom and prepare our industries.” 

It has also been pointed out that, strangely enough, many of 
the most useful modern chemical requirements of war are also 
the leading chemical products of the industries of peace. The 
chemist sees that sulphuric and nitric acids, chlorin, caustic soda, 
gasoline, benzol, phenol and toluol, perhaps the most industrial 
of the compounds in peace, are also the most extensively required 
in modern war. Similarly, the engineer knows that the modern 
air hardening tool steels, the modern lathes, the newest boring 
mills which industrial advance has developed, are now the neces¬ 
sities of munition production. So that industrial activity is 
a healthy type of national preparedness for both peace and de¬ 
fense. 

But for national preparedness, our industrial activities should 
be comprehensive and cooperative. Whole fields of national 
interests should not be left entirely untouched because some other 
country is already profiting in them, as in the case of nitrates 
today. When it comes to national defense, we must ask ourselves 
what' necessary supplies may be cut off by war. It is for this 
reason that England, Australia, Canada and Japan have already 
established national research organizations. 

Preparing for defense is consistent with keeping at work in 
a proper way along the lines of peaceful, healthy industry. In 
this way it bears on the subject of water power. The engineer 
will always have the feeling that the power of falling water is 
a continuing loss except when it is doing useful work. This 
is inseparably connected with his first lessons in mechanics and 
thermodynamics, and is probably right. If a single manufactur¬ 
ing company owned our farms and waterways, it is probable that 
for reasons of efficiency it would make all the available falling 
water do the work needed to maintain the fertility of the soil or 
produce useful products,, This would only be doing in a broader 
way what the potentates of Egypt and Assyria had to do cen- 
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tunes ago, when their imgating systems were built. But we 
^ representative form of government, where the dif- 

costs^Th ^ constructive activity are what it 

costs US to be democratic. 

offered processes for fixation of nitrogen have been 

offered to our government in the past few weeks. I refer to the 
arc process of .he du Po„. Cor„p,„, ^ 

No Company, These are essentially different. 

countl T ["“TV? 

Tt. a' t> importance to us. 

calls for air- 

call for chgap water power. Used in conjunction with the pro- 

stS h manufacture of chemicals and dye 

and invaluaTl ' ^ ^ America in times of peace, 

comoanv enormous facilities of , such a 

and with on ^ i^rge scale chemical production 

America, would tertainlvbrinv organizations in 

that hicrh A' 4 .' D Z process much nearer to 

predicts an^^ T tiieory of the process 

fn America rl realized somewhere-I hope 

resuirthe Li ^ 

2se as 71 P^^ducts and pro- 

runSeLhn in Europe. Several 

undred thousand kilowatts are now employed by the arc 
processes abroad. ^ ^ ^ 

thiL f I f 7 ^ the present stage of 

Scaus’e of ^^®^test importance to our fertilizer industry 

feSLwf 1 production of ammonia, the form of 

manufa^^^^ “ commercial fertilizers. The 

bv this n ^jtnc acid and ammonium nitrate for explosives 

at PowerLr f b® economical 

itTstSLLLr' 

by the cvLl H '' over 200,000 h.p used 

moSL gLT T""'' ° “ “ the past eighteen 

Li ^ invested $100,000,000. in this work 

preset aid ev7 "s, and we are interested in their 

In anvitlw T® “ their future developments, 

im. i snii ^ '''''' government which involves the grant- 

si4t coined wL " P"°P^" "bould want fore- 

ifiLT lw r’ “^^.'™^tive work. It seems as though 
might fairly expect sometime a change in the public spirit. 
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which now usually views almost any large manufacturing under¬ 
taking with animosity and adverse criticism. Possibly through 
the study of these immediately pressing problems of explosives, 
dyes and fertilizers by our most competent and interested govern¬ 
ment experts, sound business criteria may be established for the 
nation’s benefit. 

Personally, I have a fear that we are forever shortsighted. 
I am afraid of the need for national defense which may come 
upon us like a thief in the night, from war declared in a day, be¬ 
cause I fear that impotency which is spread over a century and 
never really discovered until too late. The most imperilled 
country of the present war is learning more about national de¬ 
fense than we are at present, and is not likely to forget the lessons. 
New industrial processes will continue to be improved by those 
people who are now actively engaged in them. The more ex¬ 
tended become the details, by-products, contingent interests and 
economies in 'any such line of industry, the more difficult becomes 
the start in it by an outsider. It is not out of the question that 
ten years from now the commercial sources of nitrate will be 
Germany and Chili, The artificial processes will certainly be 
improved. The natural source will about as certainly deteriorate. 
What will we be doing in the meantime? It may be entirely 
safe to depend indefinitely on Chilean supply, but the question 
should be decided for our country by those who are responsible 
and will give it careful consideration. 

I believe effective good could be accomplished by quick 
cooperation between those different government departments 
where lie the greatest direct interest and knowledge. One of 
these is the Department of the Interior, under which come the 
group of experts of the Bureau of Standards and the Bureau of 
Mines. These certainly possess men interested in industrial 
chemistry, well equipped, and anxious to serve. The Bureau of 
Soils of the Department of Agriculture has also a corps of men 
equally well fitted for this work, and particularly interested to 
that part of it referring to the fertilizer problems. The Army 
and Navy Departments, busied with the multitude of normal 
duties of defense, might still lend a great deal of aid and pressure 
to this cooperative problem, without, having to produce the 
same kind of chemical and engineering experts found in the other 
departments. The country ought to be satisfied with the joint 
conclusions of such representatives of its interests. 
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THE WATER POWER SITUATION, INCLUDING ITS 

FINANCIAL ASPECT 


BY GANG DUNN 


Abstract of Paper 

The endeavor of this paper is to present, from the point of 
view of the engineer, certain aspects of the attitude of capital 
towards water powers. Actual and threatened laws, popular 
prejudices, and some cases of unprofitable developments in the 
past, have retarded the development of water powers, but there 
are also physical and natural difficulties which handicap hydro¬ 
electric as compared with steam-electric plants, and make it essen¬ 
tial that a reasonable profit in promotion be offered, in order to 
induce investment. 

The cost of water power is rising, on account of the increasing 
cost of labor and materials and increasing taxation, and the 
efficiency of the utilization of water power has practically 
reached its maximum. On the other hand, the cost of steam- 
electric power is falling, in spite of a steady rise in the cost of 
coal, because continual improvements are being made in the effi¬ 
ciency of conversion of heat energy into mechanical power, and 
still further progress is to be looked for. To offset the dis¬ 
advantage of the increasing cost of water power there is the pos¬ 
sibility of utilizing large amounts of secondary power from 
hydroelectric plants for industries and process purposes that 
do not necessarily require continuous power. 

The hydroelectric plant usually requires about three times 
the capital investment needed for a steam-electric plant of equal 
capacity, and the activity of capital in a hydroelectric plant is 
very low, much lower than in a steam station and in almost all 
other branches of industry. 

State regulatory bodies have hampered water powers by not 
recognizing the distinction between bond interest as a corn- 
pulsory expense paid as the rent for money loaned, and divi¬ 
dends as an earned reward for the risk of the business and skill 
in management. Another factor that must be more clearly 
determined in order that the hampering effect of uncertainty may 
be removed, is the length of time a permit or franchise may run 
before recapture clauses can take effect, and the question whether 
these provisions should not cover the power development in 
its entirety. 

Water power should be developed as a matter of conserva¬ 
tion, to save our coal supply that is being so steadily depleted. 
This purpose cannot be served unless the attitude toward water 
power development is changed and some of the present restric¬ 
tive factors ameliorated so that investors ih water power borids 
will be satisfied with five per cent interest instead of requiring 
seven per cent because of the risks they incur at present. 
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A^LTHOUGH the development of water powers is almost 
inf A T I ^ a matter of civil and mechanical engineering, their 

lUtcrGStS ll3;V6 t)G6ri lErP^clv in tllG Tifinrlc rvF ‘ 1 

Until electrical engineers created the art of transmitting power 
the eiteft f 

DowSt TT ? f f exceed one million horse 

power in the United States. 

During the past two decades electric transmission has extended 

Ind tSetno' I engineering has progressed 

and water power has consequently been transformed from a local 

lntIZ V^ utility, an 

eve opment has taken place, energizing for useful 

fnmmibk'Tf'^'h ^f“^^ transmission highways and almost 
w^^S f If networks with power which formerly 

of their coftel 

bv^the f electrical engineering has been stimulated 

dlne^d on T ?i development and has in turn come to 

welfare „ “''f ^ ''P®'' ^leetrical engineers regard the 

Lrf of ff identified with the welfare of a large 

part of their own activities. 

fo^f? American Institute of Electrical Engineers 

water'nr''''^'''' “ connection with 

Insti 

In 1911 the National Waterways Commission of the 62d 
ongress invited the American Institute of Electrical Engineers 
to send representatives to the hearinpc! of +i-,o • • 

^eate7r .oo ® body of the Institute 

Powe^ Ltho tbe Development of Water 

hs Tnerrk commission and put 

Its expert knowledge and experience in every way at the com 
mission's service. 

leadfnc. Tech?' i°^ “““ittee, composed of the country’s 
lea,lin, tecnnical experts on water power, were appreciated bv 

the commission and led to the extenwon of +i, • • • ^ 

to the Amerfo... T 4 .-X . r Jr extension of other invitations 

representatiVert? Electrical Engineers to send similar 

WasSwe congressional and departmental hearings in 

these legislation. Among 

tnese invitations was one from the Secretary of the Interior 

one from the House Committee on Arid Lands, one from the 
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Senate Committee on Public Lands, and more recently one 
from the Portland Conference of Western Governors, and others. 

The governing body of the Institute has continued its special 
committee in consequence of these successive invitations and in 
view of the apparent appreciation on the part of the government 
that the services rendered by the American Institute of Electrical 
Engineers were scientific and professional and not commercial 
or political, that its committee dealt with fundamental engineer¬ 
ing and economic principles of hydroelectric development that 
were outside the field of controversy, and that the function of 
the Institute being scientific and professional and not commercial 
or political, its status was one involving a high degree of dis¬ 
interestedness in respect to matters on which its technical 
advice was sought. 

The present meeting of the American Institute of Electrical 
Engineers in Washington is held under the auspices of this com¬ 
mittee and is devoted to an engineering and economic discussion 
of water powers in the hope of turning all the light possible 
upon the subject. 

As indicated by the duties honorably discharged by the Special 
Committee on the Development of Water Powers, the engineer’s 
function has become considerably broader than one of pure 
engineering. By a group of promoters seeking capital, the 
engineer is usually engaged to make preliminary studies and 
trial designs until he selects the most advantageous site for and 
determines the most satisfactory miminum cost of a given 
development. His work, however, does not stop here, for he is 
called upon next to make studies of the probable market for power 
and to estimate expected revenue and operating expenses, in¬ 
cluding taxes and depreciation, and further since the relation of 
engineering and economics is so intimate, the preparation of the 
economic prospectus usually falls to his lot. 

With such a prospectus the promoters solicit the support of 
one or more investment bankers, and the name and standing of 
the engineer is an extremely large factor in establishing the confi¬ 
dence of the bankers and obtaining their recommendation of the 
securities of the project to their clients. The criticisms and objec¬ 
tions which the bankers constantly raise in reply to the proposals 
of the promoters have to be answered largely by the engineer, 
who often reforms his designs many times and has to prove 
exhaustively his estimates of revenue, capacity, operating ex¬ 
penses and other items before the bankers take up the project, 
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if they do. Generally speaking and especially in recent years 
not more than one project in a hundred passes muster. 

The engineer therefore usually develops a relation to the 
financing of water powers, which finds him on behalf of his 
employers knocking at the doors of capital and using all the 
abilities he can honorably employ to invite for his client’s pro¬ 
ject the confidence and support of the experts of capital, and 
he thus acquires a knowledge of the conditions required by 
capital to be met before financing can be accomplished and he'is 
enabled to take a broader view of the water power situation 
than one that is merely an engineering yiew. 

The other papers presented at this meeting deal with the 
value of water powers to,the electrochemical industries, to the 
food problem, to increased transportation and to national de¬ 
fense. In this paper I shall endeavor to present very briefly, 
from the point of view of the engineer as derived from experience, 
certain aspects of the attitude of capital towards water powers. 

It has already been implied that no matter how useful a public 
service a water power might perform, no matter how great the 
need of a community for cheap power to invite industrial de¬ 
velopment, no matter how powerful the river nor high the falls, 
nor anxious the promoters, a water power plant will not be 
ui unless the investment banker or his equivalent supplies the 


e investment banker, generally speaking, is not a capitalist, 
but a captain for the capital of others. They follow his leader- 
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mmission in return for sound advice and guidance as to 

yield and security for the investment nf tw 

others sre J 7 investment of their savings. These 

earth The r r f t scattered throughout the 

great canitfll interrelations of capital among the 

fo that cS and delicate 

quick o flow international fluid, 

inveshnent, capM is aW n *° 

and courted nr it eo A ^ consulted 

na courted or It cannot be won, and it usually reouires of a 

suitor a good previous character. These are 1 et! L 

what may be our individual theories of goveriimenr TUf 
nomics, or of social relations. government, of eco- 

io d“ J tte7ea r 

ne scarecrow of financial losses which, contrary to 



1916] DUNN: WATER POWER DEVELOPMENT 445 

popular information, have been suffered in water power invest¬ 
ments. In cases where losses have not been sustained the actual 
yield as compared to the expected yield has been very generally 
disappointing. It seems conservative to assert in respect to a 
majority of water power investments today, that if the holders 
were not already in they would not go in if they were free to repeat 
their investment. Investment bankers of a decade or more ago 
sometimes piloted their clients with hone.st confidence into water 
power projects sound in the prospectus, but so disappointing 
in the light of later reality as to cost them their financial leader¬ 
ship and render their successors increasingly conservative. 

' There has been a considerable degree of popular prejudice and 
misapprehension that conceives water powers to be almost il¬ 
legitimately profitable. It has had a share in making them the 
prey of local hold-ups for necessary real estate, flowage rights, 
relocation of railroads, local taxes and damage suits. But the 
most serious cause of the above kind that is responsible for the 
“ situation ” consists of the inhibition imposed unintentionally, 
or perhaps it would be better to say unwittingly, upon the in¬ 
vestment of capital in wafer power enterprises, by certain laws, 
administrative regulations and precedents. 

These laws have been both actual and threatened, and in many 
respects a threatened law is worse than an actual one in the 
check it gives to investment. Among such actual or threatened 
laws are those which, limiting the tenure of a grantee, provide 
for recapture without compensation or with only such compensa¬ 
tion as would involve serious loss, or for the recapture of only a 
part of a system at a fair value for that part, but that part so 
essential that without it the whole system could no longer thrive. 

There is a large group of legislative proposals that look upon 
water powers as a source of taxation or of government profits 
through the sharing of earnings. They lay a tax upon energy out¬ 
put, gross receipts, installed capacity or first cost of a development, 
which tax, although appearing small, amounts to a burdensome 
and deterrent proportion of the net profits after bond interest. 

The grantee is required to construct at his own cost extensive 
locks and navigation works in cases where he might seem in 
justice rather to deserve a subsidy for his service to navigation 
through the erection of a dam that increases the navigability 
of the stream for many miles and assists in the regulation of its 
:Q.oods. These services, it would seem, should at least relieve 
him of the burden of additional cost for the locks, which is a 
drag upon his profits. 
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Among other menaces to the security and yield of water power 
capital is the reposing in an administrative officer of the govern¬ 
ment of a discretion which, while presumably it would never be 
abused, permits the possibility of abuse by some one of a numerous 
succession of incumbents, and often therefore in effect causes 
the title to millions of dollars worth of property to rest upon 
normal individual discretion instead of upon definitely stated 
laws that permit the whole of a given future to t >0 securely cal¬ 
culated upon. While clothed with great powers, such officers 
do not have the co-relative power to majee agreements or stipu¬ 
lations that may be relied upon as binding the government. 

There are also agitated serious objections to the combination 
of adjacent hydroelectric systems, on the ground that this per¬ 
mits monopoly and may be used to enhance the price of power 
and light to the consuming public. 


With commissions for the regulation of public utility rates in 
practically all of the states of the Union, the combination of 
water powers can have no other effect than benefitting the public, 
for on most fundamental engineering grounds combination either 
actually reduces operating cost or does the equivalent of it by 
increasing output for a given capacity. It increases the insurance 
o continuity of operation and permits reduction of reserve 
capacity It reduces the proportion of steam auxiliary power 
and enables advantage to be taken of excessive rainfall in one 

Zlf f occasional deficiency in another. The joint 

^ ost of distribution lines is diminished, regulation of pressure 

m otherwise too small 

to be successfully utilized is made possible. 

to combination seems to be based upon analogy 
to combinations _ in other branches of industry and ignores 
undamental engineering principles, especially in the presence 
o protecting state commissions. Successful opposition to com- 
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tures and the increase of the use of light and render the commun¬ 
ity less attractive than other communities where, either through 
absence of tax or through natural advantages, lower rates obtain. 
With the increasing use of power in manufactures, the attraction 
of manufacturers to a locality is vitally affected by the rates for 
power that can be offered. Federal laws proposed for the taxation 
* of water powers have naturally applied only to water powers 
under jurisdiction of the federal government. They inequitably 
leave untaxed and free from such discrimination competing 
private water powers and w£ter powers under state jurisdiction. 

It seems difficult on the part of many to accept the conclusion 
that by the control of rate commissions water powers are for¬ 
ever prevented from becoming bonanzas to their investors. 
Other kinds of public utility corporations are seen to be duly 
regulated, but there lurks a suspicion that water powers may 
form exceptions. While the consequences of this doubt contri¬ 
bute to a complacent retardation of development, the benefits 
of water power development to communities of large population 
do not seem to be adequately appreciated. 

In some of the governments of Europe so greatly are the bene¬ 
fits of development esteemed that water powers are encouraged. 

In addition to the laws, prejudices and past financial history 
that have retarded water powers, there are physical and natural 
difficulties of a very real sort which render a reasonable profit in 
promotion requisite to induce investment. 

Power developed by a hydroelectric. system must be based 
upon the minimum or nearly the minimum flow of the stream, 
unless great cost for storage is warranted. The dam, however, 
mu^t be strong enough to withstand the stream in flood, often 
50 to 500 times the minimum flow. A water power is liable to suf¬ 
fer not only from lack of water in dry season, but it is often partly 
drowned out at times of flood when high tail water reduces the 
hydraulic head. For these and other reasons most water powers 
require auxiliary steam power for reserve. 

A large part of a hydroelectric power development consists 
of transmission lines exposed to lightning, wind and sleet. A 
water power, unlike a steam power, cannot be begun in a 
modest way and allowed to grow as its market gathers. The 
real estate, dam, rights of way, transmission towers and many 
other portions of the development must initially be of ultimate 
capacity and cost, hence during the early years there is usually 
a period of waiting for the growth of market when expenses 
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often exceed income and owners must not only go without their 
profits but must often put up funds to tide the project over. 

For taking the construction and operation risks and the risk 
of delayed development of income, to say nothing of the risks of 
title, taxes and adverse legislation, it can readily be seen that the 
profit required to tempt investment into hydroelectric projects 
must be at least as great, if not greater,-than that offered by other 
utilities or industrials. 

So far there have been dealt with only the checks to hydro¬ 
electric investment arising from actual or threatened legislation 
popular prejudice and construction risk, but, especially east of 
the Mississippi Rivrer where three-quarters of the mechanical 
power in the United States is consumed and where there are 
stilly undeveloped large resources of water powder, there is an 
additional check that daily speaks with a louder and louder 
voice ruling out the water powers—even if financing were obtain¬ 
able in favmr of steam produced from coal. 


Increasingly large numbers of water powers that a few years 
ago w^ould have been considered w^orthy of development by con- 
servanve financial authorities, assuming all legislative and admin¬ 
istrative hindrances removed, are now ranged in the unworthy 
class because they do not meet the supreme test to which every 
water pow-er project k put in the engineer’s office before it can 
ge even to the preliminary prospectus stage. This test is a 
comparison of the cost of the power produced by water with 
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The increasing introduction of steam power, devouring our 
coal fields at a time when millions of horse power of water power 
are undeveloped, is a crime against the policy of conservation. 
Each new steam plant is an agency devoted in effect to the 
perpetual consumption of coal, and coal is aliihitedcommodity. 
While absolutely essential for smelting and practically essential 
for the heating of our houses, it is not essential for the production 
of power. 

Steam power is consumed only when it is used; water pcwer 
whether it is used or not. If the power of a water fall is not 
brought to the neighboring city to turn its wheels, do its cooking, 
or light its lights, the power is developed just the same at the 
falls and expresses itself in grinding the rocks at the bottom and 
the heating of the agitated water. Postponement of coal con¬ 
sumption would be real conservation. Postponement of water 
power development is real waste. 

If water power, instead of being at a disadvantage compared 
to steam po ver, were fully its equal as to cost of power delivered 
and certainty of operation, it would still be at a serious disadvan¬ 
tage when construction is under consideration for an added 
reason which aggravates the whole relation of water power to 
capital. This is the excessive capital required for a water power 
as compared to that required for a steam power of the same 
capacity. 

A typical modern steam electric station, including real estate 
and every other item, of cost up to the distribution system, can 
be built for $45 per switchboard horse power of output. A 
correspondingly typical hydroelectric development of the same 
capacity, for moderate head, including transmission lines and 
substation, would cost in the neighborhood of $135 per switch¬ 
board horse power of output, which figures are in. the ratio of 
1 to 3. 

Capital for a steam-electric station is relatively easy to raise. 
The natural hazards are considerably less. The property is 
concentrated under one roof, instead of being distributed over 
many miles of country. There are no actual or threatened 
adverse laws to introduce doubt as to the security of invest¬ 
ment. Popular prejudices are more likely to favor rather 
than to be against the economics of a steam station. Large sup¬ 
plies of coal are seen going into it and the public appreciates these 
must be paid for. The plant, to the popular eye, seems to be hot 
and busy and entitled to its rewards. In the case of the water 
power, for reasons that have been mentioned, capital is more 
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difficult to raise, and besides being more difficult to raise, three 
times the amount is required. It is not difficult to see why, at 
equal cost of power delivered if it is a question of building a steam 
or a water power, the steam power gets the preference, and when, 
as is increasingly the case east of the Mississippi, the cost of a 
horse power-hour developed by steam is so much less than 
when developed by water, the water power situation ’’ is re¬ 
moved from the court of discussion before a decision is reached, 
because of the fatal competition of steam. 

It may be asked—will the cost of steam power continue to 
decline, notwithstanding the continued rise in the cost of coal? 
There seems every reason to expect that it will, for with the best 
plants of today, improved as they are, the return from a pound 
of coal is only 17 per cent of the power it contains. Internal 
combustion engines operated by liquid fuel liave not yet cut 
much figure as large sources of prime mover power, but they are 
constantly undergoing improvement. In the generation of 
steam, where boiler pressures of 150 lb. were used a few years 
ago 275 lb. is now used, and higher pressures up to 400 lb. are 
under experiment, together with higher degrees of superheat 
than the past has thought possible, and it is not too much to 
expect considerable improvement in steam economies from pro¬ 
gress already in sight. There is also much latent possibility 
in the gas turbine. In view of all this, he would be rash who 
notwithstanding the steady moderate increase in the cost of coal 
would predict an increase in the cost of steam power. 

While the cost of steam power has fallen and is falling, due 
largely to an increasing efficiency in the conversion of heat into 
power, and while this efficiency is still so low as to render further 
increases not only possible but probable, the efficiency of water 
powers has practically reached its maximum and further reduc¬ 
tion in the cost of water power from improvement in efficiency 
is baired. Reference will later be made to the only direction 
in which substantial reduction is possible. 

relatively excessive capital throws 
dfficulties mto the path of water power in more ways than one. 

ot only is excessive capital required before the development 
can be created, but after it is created there is a handicap in the 

magmtude of the bond interest constituting the principal element 

of cost of opemtion-using this term in its broadest sense. Both 
by the large investaent of capital required and the large return to 
capi a appeanng in its cost of operation, water power develop¬ 
ment IS led conspicuously into the realm of the relations of wealth 
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Q-nd capital to industry and the social system, which relations are 
Subjects of keen political and economic controversy. The water 
power problem, being exceptionally dependent upon capital, is the 
innocent bystander that suffers from the quarrel between two 
struggling antagonists, both of whom its development would enor- 
ftaously benefit. A unit analysis of the gross operating expenses— 
Using the term as before, in its broader sense—of the typical 
steam-electric and hydroelectric system I have referred to may be 
of interest, and is given below for annual load factors in both 
cases of 50 per cent and coal at $3.25 per ton, delivered. 

Unit Analysis of Gross Operating Expenses in Typical Steam-Electric and Hydro- 
Electric Station of the Same Capacity, 20,000 H.P., Annual Load Factor 
50 Per Cent, and Producing Power at the Same Cost. Coal 
$3.25 per Ton Delivered. Returns to Capital 7% 


« 

Steam station 
per cent of total gross 
operating expenses 

Hydroelectric station 
per cent of total gross 
operating expenses 

Administration. 

4.0 

4.0 

Ordinary operating expenses (except coal). 

10.6 

4.8 

Coal... 

48.9 


Taxes and Insurance. 

6.7 

2.8 

Depreciation.. 

10.8 

11.0 

Bond Interest. 

19.0 

77.4 

Total..... 

100. 

100. ^ 


As will be seen from the table, bond interest is the largest 
hydroelectric expense. In the typical case considered it consti¬ 
tutes 77.4 per cent of the total operating expenses. In the steam 
station it is only 19 per cent. 

The largest expense in the steam station is coal, amounting to 
49 per cent of the total. This everyone can understand and 
nobody begrudges; but there is a small body of opinion which con¬ 
siders all interest usury and to this group the fact that over three- 
fourths of the cost of producing power in a water power plant 
represents interest is almost equivalent to saying that the cost 
of water power ought to be reduced by three-quarters. The 
whole cost for coal in the steam station is only two-thirds of the 
cost for interest in the water power. 

The classification of bond interest in each case under the head 
of operating expenses is not customary, but is done for the pur¬ 
pose of giving a clear conception of the radical difference between 
the compulsory items of expense in the two types of stations. 

There is a tendency in many quarters to regard bond interest 
as profits. This is fundamentally erroneous. It is comparable 
to regarding the rent a grocer pays for his store as profits. His 
profits do not begin until after the rent is paid under penalty of 
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eviction, and similarly the profits of a water power do not begin 
until after the bond interest, which is rentier the borrowed money, 
has been paid-under similar penalty of eviction by the foreclosure 
of the mortgage. The holders of the bonds have no interest 
in the profits of the development. Their returns are set by the 
prevailing rate of interest in the bond market, and not by the 
prosperity of the enterprise. They get their returns, in theory 
at least, whether there are profits or not. It is true that bond 
interest is sometimes in default, but the holders have the right 
to take possession of the pledged property, foreclosing and 
recouping themselves out of the proceeds of its sale for both 
principal and defaulted interest. It is partly by regarding bond 
interest as profit that the impression that water powers are very 
profitable has gained acceptance. 

It is natural for a spectator surveying a hydroelectric develop¬ 
ment to gain the impression that the power comes from the water, 
which, costing nothing, should render the power cheap. It is 
evident to a spectator that outside of bond interest the oper¬ 
ating expenses of a water power are relatively very low, being 
in our typical case only 22.5 per cent of the total, which includes 
ample allowance for depreciation, taxes and insurance. But 
so much of a dam is in hidden foundations and in parts undei* 
water and so much of the long transmission line, rights-of-way 
and power house and substations is out of view to a spectator, that 
even though he be liberally inclined towards the deserts of capital, 
he constantly underestimates the amount of capital invested and 
neglects to include in his conception of the cost of the power, 
adequate charges for the service of this capital. 

Business men know that profits depend not only upon excess 
of price over cost of product, but on ‘‘ turn-over- , which is the 
ratio of aggregate sales to capital. 

If we compare a steam-electric with a hydroelectric power of 
the same capacity in both of which the selling price of a horse 
power-hour is the same, we must permit out of this selling price 
a greater proportion of gross profit in the hydroelectric or we 
cannot yield the same return to capital, since there is three 
times the capital to be served. In other words, there is only 
one-third of the “turn-over”. The activity of capital in. a 
ydroelectnc plant is very low, much lower than in a steam 

s a ion, and much lower than in almost all other branches of 
mdustiy^ such as manufacturing. 

Certain public service commissions have hampered water 
powers by not recognizing the distinction between bond interest 
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as a compulsory expense paid as the rent for money loaned, and 
dividends as an earned reward for the risk of the business and 
skill in management. They have in effect ruled that the total 
return for bond interest and dividends together must be limited 
to a certain amount—eight per cent in the recent decisions in 
California. The result of this in attempting to secure new 
capital at a time when bond interest rates are tending to rise is 
going to be the same as if a grocer, when his rent is raised because 
of improvement in the opportunities of the neighborhood, should 
be ordered to accept smaller profits in order to keep the 
^total of his rent and profits the same as before. If he were free, 
he would decline to do business under such conditions, and if not 
free his plight would be a warning to others. 

There has been considerable discussion about the length 
of term for a permit or franchise after which recapture clauses 
can take effect, and those interested in water power are not agreed 
seemingly because of difference in approach to the problem rather 
than difference in conviction as to the effect of certain pro¬ 
visions. 

For a simple water power unrelated to others and not expected 
to grow, a fifty-year term might at first sight seem long enough to 
remove from influencing the raising of capital, discussions con¬ 
cerning the favorable or unfavorable developments final to the 
term. Those who are less concerned over final conditions are 
often, although sometimes unconsciously, relying upon the ex¬ 
treme improbability of the exercise of the right of recapture, 
with such loss as it might involve. 

B ut ten years of the fifty would often run between the granting 
of a permit and the time a bond issue was put out and construc¬ 
tion commenced, and three years more would often run before op¬ 
eration began, so that the recapture conditions might indeed come 
within the life of a forty-year bond and have a sentimental, if 
no other, effect upon its acceptability and price. 

But growth is a characteristic of successfully located and 
successfully managed water powers, and ten years after the com¬ 
pletion of construction perhaps the development of a second loca¬ 
tion further up stream by the same company becomes desirable. 
While a fifty-year permit for the new development may have no 
disadvantages, the new bonds of the company must take into 
view the approaching expiration of the permit on the first develop¬ 
ment, which now is only 27 years off, and by the time a three- 
year period of construction of the second development is com¬ 
pleted, will be only 24 years off. 
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W© now reach a time when it becomes of the highest import¬ 
ance to know just what the conditions and effect of recapture 
will be. If we are successfully to solicit capital for our new 
venture and if we are to continue to be able to invite industries 
to locate and develop in our territory, building extensive fac¬ 
tories and communities in the security of long-term power con-* 
tracts, the possible recapture of the original development must 
contemplate taking over not only the dam site, which is all 
certain proposed laws have included, but the transmission lines, 
substations, steam auxiliaries and all appurtenances and adjuncts 
that make the development an operating whole. The existing * 
power contracts and all other contractual obligations of the 
development should also be part of the obligation of recapture. 

In default of this the application for. new capital will be unsuc¬ 
cessful, because there will be feared a limitation of opportunity 
and a disorganization of the management,, possible liability for 
unfulfilled contracts and possible loss from recapture at a depre¬ 
ciated physical, instead of a fair, value. 

If recapture is to be on terms involving a known definite loss— 
in several bills reversion of dam and power house without com¬ 
pensation has been proposed—an appropriate sinking fund must 
be set up to offset this. Suppose such a sinking fund to be one 
per cent of the cost of the original development and to be set 
up thirty years in advance of the expiration of the permit. This 
1 per cent expense seems small; but if we consider that the total 
return on the cash cost is not likely to average over 10 per cent, 
of which, for purpose of illustration, 7 per cent may be regarded 
as bond interest and 3 per cent as profits, the 1 per cent sinking 
fund for the amortization of the loss of recapture would absorb 
one-third of the profits of those owning the equity in the venture 
and bearing the risks and earning the rewards of management. 

Reference has been made in only a general way to term of 
permit and conditions of recapture in illustration of the kind of 
problems these questions throw into the path of promoters and 
engineers seeking to make water powers attractive to capital. 

number of their chief impediments are removed and water 
powers take on a new aspect when viewed as a source of secondary 
power in addition to their primary power. Capital for a given 
output greatly diminishes, market is rendered more stable, 
ransmission lines are cheapened, since industries that use 
secondary power can locate near the development, and the cost 
ot such secondary power manifests itself so low as to help to 
restore the effective competition of water with steam. In many 
cases secondary water power would be so much cheaper than 
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Steam that impetus would be given to the creation of industries 
and industrial processes now dormant because the cheapest 
steam power is too expensive. For process purposes, continuous 
or primary power is not necessarily required, and advantage can 
be taken in large numbers of cases of the enormous amounts 
, of water power in excess of minimum flow or of partly equalized 
flow now wasted in other than the dry seasons. If by wise 
provision we can nourish our struggling water powers with the 
increased revenue which, generally speaking and without interfer¬ 
ing with primary power, secondary power could yield, the total 
cost of both services would be so greatly reduced that water 
powers would again in a large number of cases assume the place 
they held before steam power became so cheap, and, east of 
the Mississippi, began to rob them of their birth-right. The 
water powers would then be able to conserve coal, up-build 
communities by cheap power, and encourage location in this 
country of industries that now go elsewhere. 

If, in addition, the attitude of the public, and in harmony 
with it the attitude of the public service commissions and of the 
government should change toward water powers so as to regard 
them as friends, capital would again flow liberally and the 
public, the government, the capitalists, the promoters and the 
engineers would all be highly benefited and rewarded. 

But even independently of the cultivation of secondary power 
a great deal can be done to develop our water powers as they 
are, especially west of the Mississippi where three-quarters of 
the water power resources lie, and where, generally speaking, on 
account of the high cost of coal, water power is normally cheaper 
than steam power. While for the time being the Pacific states and 
some of the mountain states seem to be over-developed in respect 
to water powers,—lacking market, rather than development— 
there are numerous specific cases where development is urgently 
needed but deterred by the considerations that have been 
mentioned. Power consumption per capita in the United States 
is increasing so rapidly that unless we wish to shut our eyes to 
the staggering rate at which we are making inroads upon our 
exhaustible coal supplies, the development of our water powers 
is imperative. 

The West needs them to get power more cheaply than is afforded 
by the relatively high-priced coal and oil, and with this cheaper 
power it can in time work wonders in industrial and agricultural 
development. The East needs them as a source of power cheaper 
still than the already cheap steam power and as a substitute for 
the fuel-produced power that is eating out the vitals of our fuel 
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resources, which should be conserved for purposes that only 
fuel can serve. 


The water power situation” is costing the country many mil¬ 
lions annually in actual loss and in retardation of industrial de¬ 
velopment. 

It has been shown that reduction in the cost of water powejr 
cannot be expected from further inventions or improvements 
in the art of engineering, but nevertheless the cost of water power 
is susceptible of considerable reduction from improvements in 
another direction. 

In our typical case 77.4 per cent of the cost of production of 
a horse power-hour was composed of bond interest. The table 
was compiled on the assumption that money was worth seven 
per cent for water power purposes. If its owners could be induced 
to lend it for five per cent the bond interest would be reduced 
y 28 per cent and the cost of production of a horse power-hour 
y 22 per cent a reduction important enough in many cases to 
turn the scales against steam power and result in the bringing 
of a new water power into existence. 


^ Or if the case occured in the West, a 22 per cent reduction 
in power cost would go a long way towards encouraging the use 
of power for purposes previously out of its range. 

A five per cent bond interest for the typical case is not vision¬ 
ary, Railroads enjoy it and many industrials. 

Water powers could enjoy it if there were a change of policy 
towards them on the part of the public, the commissions and the 
government that would make investments in them secure, re¬ 
move all but the property taxes they now bear, eliminate the 
many extra construction costs, expenses, delays, technicalities and 
injurious limitations they suffer, and bring them to a position 

o being under the fostering care of the government, a boon to 
the public. 

The writer, for one, thinks this change will slowly come. It 
as a rea y started. Little by little the interests of the parties 

u discovered to be identical. Little 

by little publicity and the pure light of intelligence will permit 

11 to have their free play and the ^Vater power 

place to a rapid development 

that will benefit our citizens as consumers, strengthen old and 

industnes and save our coal, putting us in a super- 
lor position not only with respect to power but in respect to 

rAcni IS having upon the development of all the 

resources of the country. 
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Discussion on ‘‘ Water Power and Defense '' (Whitney), 
“The Water Power Situation, Including Its Financial 
Aspect” (Dunn), Washington, D. C., April 26, 1916. 

F. A. Lidbury: I am glad this question has been brought up, 
because there has been for years a tendency on the part of 
electrical engineers in connection with their valley load problems 
to assume that the electrochemical industries can offer an easy 
solution. The tendency appears in various ways. There is 
the steam central station man who comes to electrochemical 
manufacturers and says, “We can offer you lots of power at 
cheap rates if you will only take it for a few hours of the day.” 
When you find out what he means by cheap rates you get a 
shock; but putting that aside, and putting aside the fact that 
few electrochemical processes can operate satisfactorily in an 
intermittent manner, let us see what he is trying to do. He 
is trying to relieve his prospective customer of the investment 
portion of the cost of the steam power. What is forgotten is 
that he is asking the customer to increase his own investment 
charges. 

Putting all other considerations aside, let us see how that 
works out. The consensus of opinion as shown by the figures 
given today is that the cost of steam plants may be taken as 
something like $60 per kw. capacity. I venture to say—and 
I have consulted some of my electrochemical friends present 
who confirm the statement—that there is not an electrochemical 
plant in the country that does not involve an investment of 
at least $50 per kw. in plant cost. Many electrochemical plants 
run to several times that figure, and the average would be much 
higher, and might be two or three times as high. What the cen¬ 
tral station man is asking is therefore that his customer should 
increase his investment charges to an extent usually consider¬ 
ably greater than those of which he is being relieved. Inter¬ 
mittent operation is in some cases not possible, in others at 
least inconvenient; but the fundamental reason why these 
industries do not gobble up the off-peak of steam central stations 
is the one just given. 

Then there is the question why electrochemical industries 
do not flock around those water powers which have valley 
power or secondary power at—in this case actually—relatively 
cheap rates. The answer is again that the added investment 
cost, taken in conjunction with disadvantages of intermittent 
operation, is such as to more than neutralize the advantage of 
the lower power rate. Partial time operation of electrochemical 
plants does not therefore offer much hope as a solution of these 
problems. I am not saying* that there are not tiines when it 
can be done, but I am speaking now of normal conditions. 

From the electrochemical point of view the figures given in 
Mr. Dunn’s paper would require modification. His comparisons 
between the cost of power from steam and hydroelectric instal- 
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lataons on the basis of a 50 per cent load factor, would be very 
different on the basis of a 100 per cent load factor. It is obvious 
a consideration of the figures Mr. Stillwell gave this after¬ 
noon that water power costs become relatively more favorable 
than steam power costs as the load factor increases, and vice 

f • .pointed O'lt this afternoon, there is 
r-rn«r Conditions a point where the two curves. 

wen abov^hafpoS" 

^°’'°|iary which is not usually drawn as clearly 
as It should be. _ Mr. Dunn mentioned some of the favorite 
gislative prescriptions put into bills in connection with water 

m?st ridiculous of these, which occurs in 

nreferenf'p' itp iti .1* £ cr power, is a provision that 

of such power shall be given to 
V sirnilar purposes. _ In other words, you must 
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preferably to those loads of the worst possible load factor. 

be comi^TeT^ le^slation one or two- other points must 
ooweTto wwi i\ ^x® ^^®®tion of taxation of water 
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chPTTnnai ^ ^ Vt'^tney’s paper, that for certain electro- 
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SSly neTds introduce industries which the country 

re^rt TTiTTpT provision that water power plants shall 
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are noT mT unT,®? b •? artificill restraints 

fcal nfantT T^p ‘^'^^^bution these will largely be electrochem- 
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Most of these points are more or less related to the strictly 
electrochemical side of the question; but I feel very strongly 
that either the future of most of the water powers in this country 
will be bound up with electrochemical industries, or there will 
be no future at all for them. 

Lawrence Addicks: What Mr. Dunn says about seasonal 
^ variation puts a little different color on this question of off-peak 
'.power. I have been thinking of diurnal variation, and I think 
Mr. Lidbury was in what he said, as I certainly was in connection 
with what I said this afternoon. If you put to us the proposition 
what we shall do in the ten months of the year, our first question 
is—what do you mean by cheap power? Do you mean $10 per 
h.p. year or anywhere near that figure? 

Gano Dunn: That or better. 

Lawrence Addicks: What will we do with large quantities of 
power at $10 per h.p. per year, ten months a year, and nothing 
for the rest of the time? That requires a business which could 
be carried on by using the current for a part of the time, and 
working up the product in other ways the rest of the time, and 
in the few minutes I have had to consider the matter, I can not 
think of any case where it looks inviting. In order to comply 
with the proposition it means that we must use so much power 
in the business that the cost of the power is the main thing, and 
we will do anything to get cheap power and shut down the 
business for two months in the year, during that time paying 
fixed expenses and salaries. 

One of the industries in which such a proposition might be 
considered is the nitrogen industry by the arc process, and I 
think it would be a very interesting thing to consider.. We are 
now trying to get the government to consider this manufacture 
of nitric acid from the air, and we are talking of subsidizing the 
industry, and if Mr. Dunn will come forward with a proposition 
which will yield very cheap power ten months in the year, 
it would be worth considering. The arc process uses about 
25,000 kw. per ton of 100 per cent nitric acid. The aluminum 
industry is another which might be considered in this connection. 

John H. Finney: The answer to Mr. Addick’s question in 
connection with the aluminum business is perhaps best found 
in the fact that we are building today something over 150,000 
h.]). in hydroelectric power for the manufacture of aluminum, to 
work twenty-four hours a day, and 365 days in a year. I do not 
believe secondary power, even for ten months,* would interest 
an organization such as ours. 

I should like to comment briefly on Mr. Dunn’s paper. The 
electrical engineer is essentially an optimist. That may not be 
apparent from the papers read today, and from some of the dis¬ 
cussions, but if he were not an optimist, I do not think he would 
be found here today talking water power. If he were not an 
optimist, he would be, by this time, thoroughly discouraged by 
the stagnation that has existed for the last eight or ten years in 
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the water power business. If he were not an optimist he would 
not still be trying to '‘unlock” as President Wilson puts it, 
this great natural resource and this tremendous, though latent, 
asset towards industrial advancement and preparedness. 

The purpose of the meeting of the American Institute of 
Electrical Engineers and of its Water Power Committee here 
today was to call attention to a phase of hydroelectric develop¬ 
ment that seemingly has not had much thought by legislators^ 
and department officials who deal with this question. 

We thought it might be helpful to stress the important uses 
to which water power can be put by the electrochemical and 
similar industries. Congress has in mind the value of water 


power measured by its public utility use solely, and the vast 
majority of the water powers of the United States are not in that 
class and never will be, in my opinion. 

The great bulk of the water power in the United States is 
only available for what might be termed a semi-public use— 
a so-called private use, ^ it might be, of the electrochemical 
industries, the semi-public use of power for pumping water on 
to arid lands; serving as motive power in the electrification of 
steam railroads; in making fertilizers, or in making nitrates 
for explosives. These are not, strictly speaking, public utility 
uses, but are much broader, much more important, in that the 
energy creates not incandescent lighting for instance, but the 
vastl}' ^ more valuable products embraced in increased trans¬ 
portation, or increased agricultural production or new and 
che^ened products of the electric furnace or electric bath. 

. public utility use of water power is mainly that of using 
It as a part of the combined water and steam generating system 
and ^therefore it might be no particular hardship to the public 
service company to have a given water power taken away from 
It at the end of a fifty year period, because they could at that 

plant, or perhaps another water power 
^ant if It were m reaching distance of their operations, but the 

Iwf4 operations, this irrigation work, 

and “it iSlToSt'iTir' "‘r^ p”™ 

nowAr iniportantly, it requires permanent 

fs anotheT^th^a^+l^^^^°’^® require power in perpetuity, and that 
have?n^ milTf friends do not seem to 

SrmanentShts ?! difference between permanent use, and 
permanent rights. Great works of the expensive and ■nerma-nA-nt 

?=1na„tera1h?i 
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not greatly matter, it seems to me, so long as it is proposed to 
deal fairly and equitably with the original lessee. Cheap water 
power in* the. United States is only possible with cheap money 
to ■ build water power plants—every unnecessary property 
restriction causes dear money and more costly power, and 
materially limits the available water * power resources of the 
nation, as has been well pointed out by Mr. Dunn and others. 

- If the Institute^ can bring about a better understanding of 
what these industries mean.in their importance to the nation, we 
have felt that we would be doing ourselves credit as leaders in 
the electrical arts, and we would be doing the nation a service, 
by pointing out what we consider fundamental engineering 
principles and fundamental economic principles, without the 
recognition of which no permanent water power policy can be 
written by the Congress that will bring about that wide develop¬ 
ment so necessary to the industrial growth of the nation. 

L. H. Baekeland: Mr. Gano Dunn referred to some state¬ 
ments I made this afternoon on the subject of wasteful banking. 
I would like to explain what I meant. Before doing so, I want 
to answer the remark Mr. Finney just made. He asked: “What 
is the real importance of some of these electrochemical industries? 
I could take, for instance, the manufacture of nitrogen-fertilizer 
which requires such very cheap power, and for which the market 
is almost unlimited if it can be supplied at a sufficiently low cost. 
In all our discussions we have been rather indefinite as to what 
we mean by cheap power*. For instance, in the city of Yonkers, 
I am charged 12 cents a kilowatt hour for current. I think that 
is cheap, because I cannot do any better, and furthermore, the 
matter of annual expense in this case amounts to little. So I do 
not mind much the 12 cents a kilowatt hour they are charging me. 
I am kicking more about the ugly poles with which they are 
butchering the landscape and defacing my property, and I 
would gladly pay 15 cents per kilowatt hour and call it cheap 
if the company did not put its horrible poles in such inappropriate 
places. 

But when we speak of cheap power for fertilizers we mean 
$4 or $5 per horse power-year, twenty-four hours a day contin¬ 
uous service. Why do we want cheap fertilizers in the United 
States? I was born in a country where farm labor is unusually 
inexpensive, and I know, therefore, that there is hardly any 
comparison possible between cost of farm labor in Flanders and 
that in the United States. In Flanders, farm labor is mostly 
a family affair. The peasant, his wife and children work in 
the fields, and they feel happy in doing so. They receive no 
wages; they work practically for their board, and even that 
does not amount to much. 

When farmers, at such low rates of labor, find it profitable to 
utilize cheap nitrogen fertilizers—and after all fertilizer is a 
labor-saving device—when we see again that in this country, 
where farm labor is incomparably more expensive, we cannot 
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afford to use cheap nitrogen fertilizer, because it costs twice 
as much as in Belgium or Germany, then ' ‘ there is something 
rotten in the State of Denmark.” 

^ We can produce very cheap nitrogen fertilizer by fixing the 
nitrogen from the air if we have cheap po-wer. The chemical 
processes to do this ard well known and the sources of cheap 
power are here too. ^ But for several reasons, by the time we 
develop the power, it has become too expensive for profitable 
use with these processes. Some of these reasons have been well 
put forth by Mr. Gano^Dunn, and what I am telling you now 
IS not m opposition to his statements. Right here is where our 
wasteful banking comes into play. 

When twenty-seven years ago, I landed in this country, one 
01 the first things which struck me was that most commodities 
here are cheap enough at their source of production, but they 
are tremendously more expensive by the time they reach the 
consumer. If I were to put it in another way, I would say that 
^ j l^tiis country is the unnecessary multiplication 

01 miaalemen, and this situation goes against the grain of engi¬ 
neers or chemists who work for efficiency. Sometimes I think 
we are a mt of fools when we work and put forth our best skill, 
our best efforts, striving to increase efficiency in power production 
or in chemical processes so as to decrease the cost one cent,’ or 
^ reduce power consumption a few per cent 

SSeJsed improvements, our 

^ efficiency looks like a mere trifle if we compare it with 

ig of waste which has to be bridged between the pro- 
uucer and the consumer. 

water powers: Take, for instance, a suitable 
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represents only 10 per cent of the fixed charges introduced by 
banking or financing, so that any important reduction of the 
cost has to be found more in the financial end than in the engi¬ 
neering or operating part of the proposition.' 

Now, what would you say, for instance, if you started to 
manufacture sulphuric acid, and if first of all your plant is 
located on a piece of leased ground where you are compelled to 
pay such an exorbitant rent because the people who possess the 
real estate have to get rich by it, and then when you purchase 
your raw materials, another set of people have to levy consid¬ 
erable profit on this, while you, as a manufacturer, would have 
to get your share in the manufacturing operations after being 
confronted then again with a selling agency which would claim 
high commissions, until finally the product, after getting through 
the hands of all those, middlemen, comes in the hands of the 
consumer at a greatly increased cost. The up-to-date sulphuric 
acid manufacturer, in order to make a success of his enterprise, 
begins by owning land or real estate, and he^ secures his raw 
materials directly, and when it comes to selling, he does not 
have to go through the additional expense of middlemen. There¬ 
fore, he can afford to deliver his sulphuric acid at a minimum 
cost. Somehow, we have not yet reached that point in the util¬ 
ization of our water powers. It is true that in some cases, none 
of the intermediaries get very much separately, but in the end, 
they all get something, and these expenses are multiplied col¬ 
lectively until they sum up to a considerable increase in the cost 
of power, and that is the reason why our water powers are gen¬ 
erally so much more expensive than they are in some other 
coiJ.nisri6S. 

The remarks of Mr. Dunn are correct, that our capricious and 
ill-digested methods of legislation on the subject of water powers 
have not contributed to make enterprises of the kind more 
inviting, and this has raised the rates of interest at which money 
could be borrowed for this class of enterprise. 

On the other hand, we are told that in Germany or some 
other European countries, there is no opposition between pri¬ 
vate enterprises and the government, such as ^has existed of 
in this country. I should point out that this matter was dis¬ 
posed of by the very fact that in many instances, the German 
government has run these public^ service enterprises as a mon¬ 
opoly or has become a partner in them. For instance, there is 
no vStruggle between railroad companies in Germany and. the 
German government for the reason that the German government 

owns and runs the railroads. ^ r 

A short time ago, in studying the taxation system of Germany, 
I found that the earnings of the government railroads paid 
about 40 per cent of the total expenditures of the German govern¬ 
ment, and the general taxes of the country are reduced by ^this 
amount. In other cases of public service enterprises, like mines, 
etc., the government became an important partner in the enter- 
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prise, and in this way, succeeded in controlling easily these 
enterprises from within, instead of trying to curb them by 
drastic legislation frqm without. 

I do not say that we should copy these methods. I merely 
want to^ point out where we are laboring under difficulties 
which might be removed if some way could be devised by which 
the government • could enter into efficient cooperation with 
these enterprises. Some of the privately owned public enter¬ 
prises in this country, I am sorry to say, have not always been 
carried out in the interest of the stockholders who had invested 
their money in these properties, and this too is a very important 
reason why capital has become shy and wants increased inter¬ 
est rates so as to make up for any contingencies of failure aside 
from fear of disturbing legislation. This undoubtedly has 
raised the fixed interest charges for any similar enterprises 
which might have to be launched. 

In England, canals which once were privately owned, were 
subsequently bought up by railroads and they proceeded to take 
great care that the canals could not be used in competition with 
the privately owned railroad enterprises. In this country, we 
have become so “socialistic” as to have canals which belong to 
the state. I understand that in Germany, all the canals are 
owned by the government, and I know that they are kept in the 
nmst splendid condition of efficiency and the government can 
anora to maintain and improve them even if such action is in 
direct competition to the operation of its own railroads. 

In general, there is a great difference in efficiency in any countrv 
when enterprises or the details of government are run by enei- 
neers and experts instead of by politicians. 

t of Washington, 

the idea that an engineer should never mix in matters 
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^sagreed ’mth him. Then after his interesting paper today 

the tSltilitv proved by his own exampfe 

me versatility of our engineers. 

£ 0 ^mmL?nf tV difficulty in the problems of 

Thes^^ma^nation But we should not be too impatient. 

neSmiV fyigl^tening themselves steadily—only a 

pessimist can deny this. We are confronted in this country 

''' new ways 

inese problems are considerably complicated by the immen'^p 
and rapid growt-h of our Republic. The fact isthit this SunZ 
as It grows larger and larger cannot keep on being run in tlm 

^"8-canip. We have co^ to a po£t 
do some espenmentiajy” Toln^ 

Ss c£.s 

and ve do'^*^ T of those experiments are successful 

and ve do not oeunt so much the ones which have uTsS 



1916] 


DISCUSSION AT WASHINGTON 


465 


cessful as long as we make headway. These problems cannot 
be solved by a general formula, inflexible and everlasting. Fur¬ 
thermore, whenever we discuss these problems, we are apt to 
be carried away by one single point of view or another and on 
this _account, we^ frequently exaggerate one single feature by 
looking at it from one standpoint. This is the mistake of most 
,of our politicians. When we talk about these matters, let us 
discuss them like engineers. Let us use quantitative argumenta¬ 
tion and let us impress those of our friends in Congress or the 
Senate who are really willing to learn that we, at least, can look 
at the situation with a due sense of proportion by using quanti¬ 
tative arguments and not be overawed by merely qualitative 
considerations. 

C. Gr. Atwater: The point I want to discuss is contained in 
the first sentence of the summary in Mr. Whitney’s paper, 
namely, that the United States has no adequate source of fixed 
nitrogen. I think that point is open to some question. Further 
along the paper makes an exception of the gas and coke in¬ 
dustry. 

I presume that Mr. Whitney in writing the paper did not 
consider the dimensions of these industries nor the present 
conditions that prevail in them. As a matter of fact, so far 
from there being no source of fixed nitrogen, there is being pro¬ 
duced every year in this country from the carbonization of 
coal to make coke about 750,000 tons of sulphate of ammonia, 
or equivalent to that. That figures up pretty nearly to our whole 
consumption of fixed nitrogen. It is not all being recovered, 
but it is a source known to be open for the recovery of that amount. 
There is at present being recovered of that amount about 220,000 
tons of sulphate of ammonia per year. 

.That is a very fair proportion, but Jt is being largely increased. 
The development of the coking industry that has come 
with the present abnormal conditions, though largely from the 
natural growth of the iron and steel business, has brought 
about very nearly the doubling of that industry, potentially, 
within the last few months; that is to say, contracts have been 
let for some 2600 coking ovens which will produce about 150,000 
tons of sulphate of ammonia per year. 

Now, as you will see, that is very far from the country being 
in a position of having no adequate*source of fixed nitrogen. 

I do not wish to make these suggestions from the point of 
view of checking or discouraging water power development, 
but when you come to figure these things out and deal with . 
our friends the bankers and others, these points will have to 
be considered. 

There is a tremendous increase under way in the by-product 
coke ovens, as I have said, and it will amount to more than I * 
have stated, because -I have only referred to ovens actually 
under contract. There are 2000 or 3000 more under consider¬ 
ation. The business of recovering the by-products wasted in 
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coal is being rapidly developed to somewhere near the position 
which it should occupy. That is also being applied to the re¬ 
covery of nitric acid. It will be possible to convert ammonia 
from coke ovens into nitric acid. There is no question also 
that the development of the coke ovens will contribute toluol 
and other substances essential in time of war. 

Calvert Townley: I had an opportunity some fifteen months 
ago of visiting the nitrate pampas of Chile and of inspecting 
the methods used for getting out this valuable product. It 
may interest you if I say, that I was impressed with the possi¬ 
bility of very greatly cheapening that product to the ultimate 
consumer. 


We must remember that for a long term of years the Chilean 
nitrates practically had a monopoly, that is to say, the output 
of Chilean nitrates so largely exceeded that of any other similar 
products that the competition of such products was unimportant. 
The nitrate earth of Chile was very rich and to work it was 
very profitable, no matter how inefficient might be the methods 
of extracting the nitrate, consequently the processes were crude 
in many respects, and the operators did not seek for the econom- 
omies which might have been practised if the pressure of com¬ 
petition had been severe. I am not a chemist but it was appar¬ 
ent even to me,^ as it would have been to any engineer, that there 
were possibilities of material improvement in the economy 
of the production of nitrate. 


When I was there, owing to the European war the industry 
was prostrate. Only about 30 per cent of the plants in the 
country were in operation, and these were running on part 
time only. Some 30,000 laborers had been thrown out of employ¬ 
ment, and I never saw a more discouraged and disheartened 
set of men than the operating officials who had to do with this 
mdustry. They did not know what was going to happen next. 
One thing which had happened was that they were studying 
to improve processes for the extraction of nitrate, and it is 
usually a safe prediction that when a body of men who have 
been interested in an industry for a long time have sufficient 
incentive to make improvements they will make them provided 
there is any considerable margin to work on. 

Before the war the Chilean government received some 60 
per cent of its annual revenues from export duty on this nitrate 
which amounted, in round figures, to about $11 a ton. It is 
an arbitrary duty which of course can be changed, and be- 

almost prostrate the question 
ot modifying this duty was being discussed. If artificial pro- 
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the Chilean nitrates from the pampas where are the mines and 
reduction mills to the American market, has been abnormally 
high. None of the reasons for this fact are fundamental; they 
are all more or less the result of monopoly or of limited facilities 
and the cost is consequently subject to future reduction should 
the transportation agencies be improved or competition become 
severe. 

- The very live possibility that our country may become in¬ 
volved in war and the pressing need of providing for such a 
contingency should not blind us to the fact that we have lived 
many years at peace with the world and are likely to so continue 
—therefore no plan for. producing nitrogen will be economically 
sound which is not commercially practicable under peace con¬ 
ditions. While the quantity of nitrate in Chile has been seriously 
depleted it is still sufficient to supply the world for years to come 
and its early exhaustion can therefore by no means be counted 
upon. This means that any cost for power which we may now 
estimate to be low enough to permit the artificial fixation of 
nitrogen in competition with the natural salts, may have to 
be radically revised downward later on. That furnishes another 
reason why we must make every possible effort to cut down our 
power costs. On the other hand, of course all of the processes 
for the fixation of nitrogen as now known are relatively new and 
susceptible of much improvement. I understand that not more 
than 15 or 20 per cent of the electrical energy required by the 
arc process is actually used in the fixation of nitrogen. Perhaps 
some of my chemical friends will correct me if I am wrong. 

L. H. Baekeland: It is 2.5 per cent. 

Calvert Townley: Well, it is worse than I thought it was. 
That being the case, is it not fair to assume that with the bril¬ 
liant minds which are at work on this problem a great improve¬ 
ment is likely to result? May _ we not hope that the processes 
will be so improved that the industry can prosper with very 
much greater, power costs? A process with an efficiency of 
2 ,5 per cent which could live and pay $7.50 per h.p. per year could 
presumably do quite as well with a $22.50 h.p. if the efficiency 
could be raised to 7.5 per cent. One way to have the processes 
improved is to get people into the business. We all know that 
there is no teacher like experience, that necessity is the mother 
of invention, and that if we can get not one, but a dozen, or 
fifteen, or twenty, or even a hundred corporations interested 
and competing with the hope of ultimate profit, such competition 
will bring out the best eff orts of the brightest minds. The result 
will be that in this industry, as it has been in every other industry 
with which electricity has been connected, the efficiency will 
rise and costs will go down, making it possible to use power at 
a,cost which, now is entirely out of the question. 

,, -Those are to my mind important reasons why we should set 
ourselves earnestly to the. task of getting this industry on a ba.sis 
wjiere it can go ahead.. 
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One thing very clearly shown in Mr. Dunn’s paper, is how 
large a part the cost of capital plays in a hydroelectric enter 
prise. No engineer could fulfill his obligation to his client with¬ 
out considering the question of the security of any investment. 
Technical matters can occupy but an insignificant and minor 
position if there is a risk that the entire sum put into an enter¬ 
prise, or any part of it, may be forfeited. 

Capital conveys to many minds quite an erroneous notion. 
We are apt to think of it as something entirely separate and 
apart from ourselves. We think of a banker as a man who 
himself puts his own money into enterprises. Now that assump¬ 
tion is fundamentally wrong. Investors are not the bankers, 
they are the men in this room. They are all of us, and our 
friends. To be sure we do not individually build water or steam 
power plants for the very obvious reason that such enterprises 
require large sums of money and there must be some one who 
will undertake to find out whether or not an enterprise is right 
and sound and then get the necessary funds together for the 
undertaking. That is just whaf the banker does. He is a sort 
of Captain of Money. He scrutinizes an enterprise and agrees to 
or refuses to back it, not because he himself likes it, or because he 
does not like it but because he knows the sort of investments 

which his clients, you and I and our friends, are likely to put 
money into. 

Some one said something here this afternoon rather critically 
about the lack of patriotism in capital. Now, capital is a com¬ 
modity just like^ grain, or cattle or clothing. It can be obtained 
for a price and it goes where it can find the best market. Not 
one of us would stand silent, accused of lack of patriotism, but 
who is there here who would put his own savings into an un- 
profitable or an unsafe enterprise to help develop water powers 
m the west when he might invest it profitably somewhere else? 
To rail at the man with money because he will not let us have 
it at a lower rate than he can get elsewhere is just as unreason¬ 
able as to demand that our grocer sell us eggs at 30 cents per 

dozen when he can get 40 cents from every one else in the neigh¬ 
borhood. ^ 

As Mr. Dunn remarked, capital is an international fluid. 

channels of least resistance. The price of capital 
is aiiected by the same laws of supply and demand that govern 
the prices of every other commodity. If it is higher in this 
country than in some other country for any individual class of 
enterprises it IS because that class of enterprises lacks some 
feature of fundamental value. In Mr. Dunn’s comparison of 
the operating costs of typical steam and water plants the capital 
steam is 19 per cent as against 77.4 per cent for water. 
^ confidence in the stability of investment 

an pth^mse making these projects financially attractive the 
ra e cou d be reduced say from 7 per cent to 5 per cent the annual 
cost ot a steam unit of power would come down 5.4 per cent and 

that of the water unit 22 per cent. 
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One thing capital looks for is earning capacity, and another 
thing is stability. Nearly all enterprises can get capital at some 
price because there is an abundance of it; but when any project 
lacks certainty of ample earning power on the one hand or stabil¬ 
ity on the other, that fact will be reflected at once in the price 
of capital which will demand a higher return. 

One thing America can do to reduce the rent of the capital 
which water powers need, is to remove all the unnecessary 
handicaps with which it is now loaded One of these is fhe lack 
of stability. Warned by the losses suffered in the past by many 
water power investors, cautious people now hesitate to incur 
similar risks; consequently, the source of capital supply is 
restricted to that extent and a higher rental prevails. If we 
can eliminate this disability capital rental will fall and the devel¬ 
opment of the water powers throughout the entire length and 
breadth of the land will be stimulated. 

One speaker referred to the lower price of money abroad 
He mentioned the paternalism of Germany in handling their 
railroads and other enterprises, and by inference at least drew 
a comparison unfavorable to American bankers and their sup¬ 
posed unreasonable demands. As far as my information goes 
there is no more ruthless financier than this same German banker. 
He is certainly no more keen to lend his money to an unprofitable 
enterprise, or at a lower rate of interest, on account of patriotism, 
than the American or English or any other banker. During 
my tour in South America, I learned about some methods of 
the German bankers doing business in those countries. I found 
that they exacted rates of interest which even the most rapacious 
American banker would not think of asking at home. They did 
it for just one reason, local conditions justified the rate and they 
charged the market price for their money. They could get it 
and they are going to continue to get it. You can rest assured 
that when a foreign banker lends his money to hydroelectric 
enterprises in his country at lower rates of interest than the 
American banker does in the United States, it is because the 
foreign investment is more secure, because experience shows 
that the foreign government is going to protect that investment 
and the risk of loss is correspondingly reduced. 

This afternoon Mr. Stott spoke about the low cOwSt of power 
from steam and the increasing severity of the cost competition 
with which water powers had to contend. The more I study 
water powers the greater respect I have for steam and if water 
power is to prevail at all, we must do our utmost to bring its 
cost down to the lowest possible liniit. If steam can get down 
lower, steam will be used and water power will not be developed. 
But every time the cost of water power comes down a little 
bit its use is broadened and a certain number of water powers 
which otherwise could not be commercially developed are worthy 
of consideration. 

That is the task to which I think we shotild address ourselves. 
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The erroneous and misleading impression that has so long pre¬ 
vailed in the minds of many people throughout the land who 
have not studied the problem carefully and which has been re¬ 
flected in the views of our Congressmen, that water powers are 
very cheap and enormously profitable, is -being gradually dis¬ 
sipated and the facts are becoming known. Congress needs 
only to learn the facts to act upon them- in an effective and oatri- 
otic way with the same singleness of purpose with which we 
would apply ourselves to an enterprise for a client. But the 
feeling that water power development is abnormally profitable 
to the promoter is deep rooted and of long standing. It still 
prevails in many quarters. Some Congressmen believe that 
the interests of the public are in some way different from or 
antagonistic to those of the investor and that it is their duty to 
safeguard the people s cause by driving a bargain, so to speak, 
with capital and by trying to see how little they can do to induce 
investors to put their money into hydroelectric enterprises, 
it would be unfortunate if the government which is seeking to 
have Its resources developed by private enterprise without con¬ 
tributing Its credit or assuming any risks whatever should adopt 
a policy which will just not accomplish the desired result by 
reason of over zeal in attempting to drive a bargain with the 

investor who is in no way whatever obligated to supply funds 
for such enterprises. 

T—. * j.. R.^ Smith: Since going to Congress I have given this 

subject consideration from the view point of the public as well 
as the investor. I take it, from what I have heard tonight, we 
do not all look at it from the view point of the capitalist, the^ 
man who invests his money. Now, I agree with you that there 
should be certainty of tenure, and there should be certainty 
of a reasonable return on the investment. I would say, in view 

^ legislation 

^ members of this Institute are ashamed of the sort 

of legislation which is before Congress for its consideration, as 
IS indicated by statements made, that they have another guess 

Ever^ since the veto of the James River Bill we have been 

the^ublic and through Congress that would protect 

the'f^ protect the investor, and up to 

^ that as we were 

ooss?hlv®nf ^ think that the Shields Bill is no better, 

S“tll? subjeT“ bills that have been introduced 

fing-eTon^thp ^lunn put his 

SltTd 5?. . spot when he said that public utilities could be 
regulated by commissions,—but he failed to say what kind of 

appeared"! H?tle ovi a 

^ committee of the House of Representatives, 
havin^ under consideration the Adamson Water Power Bill, 
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which is similar to the Shields Bill and stated that he was afraid 
of state legislators and state legislatures because he had seen 
so many awful things committed by them but had absolute 
confidence in members of Congress and, therefore, was in favor 
of Congress enacting a law that would authorize the Secretary 
of War to regulate the price and service of hydroelectric energy. 

A few weeks ago in an article in the Outlook, ^when the Shields 
Bill was under consideration in the Senate, Mr. Cooper said 
that public utility commissions created by state legislatures will 
afford all the protection that is necessary for the public and 
favored state regulation of hydroelectric companies. I wish 
Mr. Cooper could understand when he appears before Congress 
at a time when we are seriously considering a piece of legislation 
which is so necessary as a thoroughgoing water power bill and 
makes a statement along one line and then in a short time after¬ 
wards makes a statement in the press diametrically opposed to 
the one he made before Congress, that he cannot be expected 
to be taken seriously. We understand that Mr. Cooper has 
shifted his position, but we are not quite so clear as to his motive. 

There is a great deal of suspicion abroad concerning the motives 
of representatives of capital who are advocating water power 
legislation; some of it is unfounded and some of it has a good 
foundation, a very good foundation. Now, going back to the 
matter that I wish to call your attention to, I will say that 
you have got to permit hydroelectric plants to combine in order 
to operate them economically. Every man who knows anything 
about the subject at all, knows that that is one of the funda¬ 
mental principles of economy in dealing with hydroelectric 
plants. In some cases a number of these plants have com¬ 
bined, a very considerable number, and the moment plants located 
in different states are combined, state utility commissions 
cannot regulate them because the current becomes interstate. 

In Minnesota we are about to receive power from Wisconsin 
where there is a large power plant supplying power to various 
projects. At the present time, Minneapolis, gets its current from 
Taylor Falls on the state boundary line between Minnesota and 
Wisconsin. How can a Minnesota Commission regulate current 
generated in Wisconsin and brought into our state? How can 
it tell what is a fair rate under that situation? Flow can it 
inspect the books of a plant located in Wisconsin, which sells 
power to the Consumers’ Power Company located in Minnesota? 
The Minnesota Commission has jurisdiction as to how much 
the Consumers’ Power Company, which is nothing more or less 
than a distributing company, pays for its current but it has no 
way of determining whether the price paid by the Consumer’s 
Power Company to the Wisconsin company is a fair and reason¬ 
able charge, and, therefore, is unable to determine what would 
be a fair and just rate to patrons of the Consumers’ Power Com- 
pany. 

Nothing short of a Federal Commission authorized to work in 
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conjunction with state comnnissions will meet the situation which 
I have called attention to. Besides, under a Federal Commission 
the work now being done by the Secretary of War, the Secretary 
ot Interior and the Secretary of Agriculture, could be brought 
•under a single head thus effecting a great saving to the govern¬ 
ment and assuring efficient regulation which would rebound to 
the benefit of the investor and the consumer. 

The moment that the promoters, the investers, the engineers 
and the associations that are giving their time to this subject 
come to Congress with a fair proposition, fair to the public and 
fair to the investor, Congress will join hands with them in 
working out an efficient law. Congress is looking for light, it is 
ooking for information. Members of Congress are also anxious 
to know why they are persecuted for daring to offer any objection 

o impending legislation that is offered by what is known as the 
water power monopoly. 

Why, we know and you know better than I do, that the water 
power interests of this country are controlled by a very few men, 
tne whole policy is dictated by a very few men. Mn T. P. 

organ of New York City^is one of the leadingfactors, and the 
General Electee Companies is the great big institution, with 
Its subsidiaries, that controls the situation. I do not object 
to tne rnonopoly because the development of hydroelectric power 
economically is a natural monopoly. The thing I object to is 

owning the monopoly to admit 
that there is a monopoly and I object to their attempt to deceive 
e public as to the existence of such a monopoly, in order to 
defeat legislation having for its purpose the control and regu¬ 
lation of such a monopoly. ^ 

Mr. Cooper says in his airticle in The Outlook, that it is not 
a monopoly—he laughs at the idea, he scoffs at it— and yet we 
know It IS a monopoly. Why do the water power interests try to 
deceive the public? What can be their purpose? .Under such 

® ^^P^sing that members of Congress 

cominp-frG ^ suspicion upon any suggestion 

coming from owners of this monopoly. But as long as the water 

teJden<?e?ofi ® concerning the monopolistic 

States cannot be blamed for its refusal to be rushed off its feet 
in the consideration of water power legislation 

as ^ need not say that I came here absolutely 

Se ^ came here in my capacity as a member of 

the Institute, and as a man who has spent his life on water 

^ money to any extent in any- 

tlemln SuPw V P™ development. I have had a gem 
six men who n he has had in one autumn sixty- 

dwSem water powers locally and also men from 

rai4 ask him to help them to 

rane money for those water power enterprises. Now, there is 
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one waterpower, not very far from New York, in which the man 
who controlled it for years was a friend of a friend of mine. 
This friend happened to call at our office, and he was turned 
over to me. He had the right to a waterpower and wanted to 
raise money to finance it, but could not do it. ^ He had been 
working on it for years and no one would take it up. I had 
a friend of mine look it up and he said it was no good, that 
it would not pay, that it did not have a market. The proposi¬ 
tion was finally taken to Chicago to people who were somewhat 
familiar with it. I know they had a difficult time raising the 
money, people did not want to go into it, they said it did not 
look good to them. The only place they could go to raise the 
money was to bankers familiar with the project. In my exper¬ 
ience as an engineer I have always seen the pressure come from 
the other side. I presume there are in New York every year 
hundreds of men who control complete situations trying to raise 
the money for them. If you talk to a man who does not know 
anything about a waterpower, he will not listen to you. It 
seems to me there has been a great misconception about this 

matter. i • 

Mr. Dunn has dealt with bankers and knows the difficulties 

of raising money and in my opinion his paper will add very much 
to the beneficial result of our meeting here. Mr. Townley s 
discussion can also be brought to the attention of those who are 
in any way interested in this very broad and important sub¬ 
ject. The financing of water powers, as Mr. Townley said, 
very truly, is dependent on us. Would any of us invest our 
money in them. I know a couple of bond brokers who sell bonds 
in the Mohawk Valley. They go into Amsterdam and offer to 
sell farmers public utility and water power bonds, and what 
the farmers pay for the bonds depends on the conditions on 
which the water power can be installed and^ operated. The 
banker goes around and gathers up various opinions and finds 
out what the people will take the bonds for. 

The. time is here for a new era of publicity.^ We are all afraid 
of the things we do not know—what is behind the doors and 
what is not brought out is always largely open to suspicion. 
Take the public into your confidence, work with the public, 
put the cards right down on the table before the public and show 
them just what you have. 

Oscar T. Crosby: The political problems confronting us in 
the development of our water powers are these: 

First, to what extent shall the authority of the general govern¬ 
ment, as distinguished from that of the several states, determine 
the location, physical construction and physical operation of 
water power plants? 

Second, what authority shall control the financial operations 
.of water power companies, including in this phase the control 

of rates? 

Third, assuming these two questions as-settled in one way or 
another, what principle should underlie the control of rates. 
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of financial organization, of return to capital and of possible 
acquisition by public authority of private property involved 
in water power developments? Let us take up these questions 
in the order I have indicated. 

Navigable streams are now fully recognized as being under 
the jurisdiction of the general government. There is no conten¬ 
tion as to the right of that government to determine for or 
against the placing in such streams of any obstructions whatever. 
There is very grave contention as to the conditions which may 
be constitutionally attached, or which in wise policy should be 
attacked,^ to a permission given by the general government in 
any particular case. Should the sole interest of navigation be 
consulted, with no consideration affecting investment except that 
the proposed works should not result in navigation costs greater 
than those which otherwise would fall upon the public? 

Should consideration of flood effects,- as distinguished from 
navigation effects, also enter? Should questions of injury and 
advantage to agricultural lands, through drainage or irrigation 
be considered by the United States authorities? 

^ In raising these questions, we raise a series of constitutional 
issues which it would be long and hard to settle. Happily, 
the}^ need not be settled. If Smith and Jones have overlapping 
and tangled rights in respect to a tract of land, and if Brown 
wishes to use the land, then, without waiting for the law's delay, 
the proposed use of the land may be effected by a joint grant, or 
by parallel grants from Smith and Jones to Brown. Let Smith 
be Uncle Sam, let Jones be the State of Ohio, and let Brown be 
a water power company, and we may proceed to determine 
the physical questions surrounding any situation in a navigable 
stream. We may even go further, and thus cover the difficulties 
f n ^ question as to what is a navigable stream, 
ft ^ Constitution. The existing legal definitions are 

of streams, which must recognize in Uncle Sam their overlord 
a engineers, I examined 

done S Rubber boots would have 

done as well, but for the length of the thing. 

assured that a hand- 

toThe naviShv ^o^^bts as 

a real issue ^PPi'opi^ation be involved 

Co-operationtfsSSffoiTsTte 
?raL“*.= “l “ P«£" 

thS^'h^oteSinf^ different role than 

domain in oiu Western Statls''®’'AS'®'" T 

sovereicm nr o Are we dealing here with a 

laws of the local soverdt^n—the state? 

is the tree view the cie, tu.lffa ^STcSftS'pJnt 
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As Si citizen of the United States, concerned that all states, 
east and west, should be in the same relation to lands within 
their bounds, I should be loath to see any assumption of an 
ifyipeTiiiwi iu iTfipefio^ by the general government, because it holds 
as trustee certain lands in certain Western States. As one 
easterner I want to register my cession of title in these lands to 
tfe peo^^^^^^ of the statls within which they live. But a this 
battle cannot be won, then it may at least be compromised by 
the same principle of co-operation in grants that has just been 
proposed in the case of navigable streams. But this compro¬ 
mise should go no further than is required for determining the 
physical elements,—the construction elements—of each case. 

When we meet the matter of financial control in all its aspects, 

I am firmly convinced that the states alone should determine. 
Even if the courts should decide that the general government 
has a right to enter this field, yet would I contend that as a matter 

of policy it should not enter it. . - 1^,1 

There are good men in the Washington bureaucracy, but th^e 
are few efficient bureaucracies in all the world. Can inen be 
established in this city to administer wisely through subordinates 
the distant affairs of a Californian hydroelectr^ company? 
Will it be a bearable burden if an operator in Oregon must 
communicate with Washington in all those intimate ways which 
have been made familiar to us by the Public Utility Commissions 
of our states? Is the burden not now heavy enough when re¬ 
course must be had in so many matters to boards sitting in state 
capitols? And shall we have in the same state one control for 
steam plant generation, and another for water generation of 
electricity? What confusion! What discouragement I 

Let us hope that this madness of centralization of contro 

in Washington will pass. _ _ 1 -.1 ^ , 4 . 

. Let us now consider the ptiuciplcs of control, without lespect 
to the question as to which of our dual sovereignties is to exercise 

that control. _ . . . . ^ 

Men invest money in public utilities, not in order to charge 

particular rates for service, but in an effort to earn a return on 
the capital invested. That is the objective. A just and reason¬ 
able rate is a rate that will cause money and energy to flow into 
the enterprise which performs a given service,^whether that 
service be the sale of electric energy or the sale of bread or shoes. 

Then since it is right that there should be control of moimpolies 
and since public utilities are necessarily monopolies (in the long 
run and in respect to at least some part of ^ their clientele), let this 
control express itself in contracts relating in plain terrns and 
in specific figures the return on capital. Rates may then be l^t 
to those who conduct the operations, subject, of course, to the 
usual common law rule against discrirninatory practises. 

These contracts as to return on capital may vary very widely 
from case to case; they should generally be on a sliding scale 
basis, providing lower returns in proportion to assured success, 
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but they should be specific and clear. Let us get away from 
the unreasonable “rule of reasonableness’^—misrule of un¬ 
reasonableness—^which now leaves rates and returns almost 
wholly to the guess of commissioners. Most of them are good 
men, but good men are not always wise men, and even wise 
men ^should not be left to decide vast property interests without 
guiding principles which put all parties on notice as to their 
rights. Let us recognize that the inventor has destroyed the 
old common law rule of reasonableness, which was the rule of 
custom. Now the ferment of invention has, for nearly a hundred 
years, prevented custom from taking a “permanent set,” and 
this ferment is destined to continue. Customary rates will 
not be established. Contract rates may be fixed to a limited 
extent, chiefly as maxinia. But there is no difficulty infixing 

returns to capital on a sliding scale in each contract for a public 
service. 


And as to the final chapter, the possible taking over of a 
property by the public, we hear far too much about it. The old 
law eminent domain^ seems to be forgotten. No “perpetual 
irammise ^ can hold against the right of the g-overnment to take 

wants. No fixed term franchise can hold against 
at ngnt. A grant of today may be taken tomorrow. But 
private property must be paid for if thus taken. Now, the terms 
01 payment may be fixed far in advance, or may be left to a jury 

^ contracts fixing possible (not guaranteed) 
returns on capital, those contracts interpreted in the light of 
c ua results obtained by operation, and with known investment 
tgures, would render^ relatively simple the now fearsome task 
01 nxing a condemnation value. 

^ the-bill_ proposed by me some years ago 

^ for water-power construction. 

(See pr^osed bill referred to by Mr. Crosby in hearing before 

Mr of what Mr. Baekeland meant about Congress 

r“ t been the same as thalSfhe 

rest ot us when we came down here—we have been rpcpihrpR 

S beSSSe to fP 1 such attention that we 

mittee we hwe aoi Congress or the corn- 

drawing out all thi facts 'tm?? Mtremely desirous of 
our forler fat^pMoTs to'iS ettr^”*" 

be iSestet tVoffica'polfcTSThTAr'^- "“'T 
Electrical Engineers in reSrd to thP.P Institute of 

view of his sucrp-pcitiAn ^ these matters, especially in 

s^cilic suggestiLs as to how'wMlf-pSwS-s SSddT t, “!ll 
The governing tody of the taStfhTJoSned" 


( 
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committee (on water power) in consequence of these successive 
invitations .in view of the apparent appreciation on the part ot 
the government that the services rendered by the American 
Institute of Electrical Engineers were scientific and professions 
and not commercial or political, that its coinmittees dean with 
fundamental engineering and economic principles of hydro- 
® electric development that were outside the field of controversy, 
and that the function of the Institute being^ scientific and pro¬ 
fessional and not commercial or political, .its status was one 
involving^ a high degree of disinterestedness in respect to matters 

on which its tichnical advice was sought, , , , ^ 

Mr. Baekeland referred to an address which I had the honor 
of making before the Washington Society of Engineers some 
time ago, in which he mistakenly reported rne as saying that 
engineers ought never to mix in politics and-other things. What 
I said was that in the appointment of the Naval Advisory Board, 

I believed for the first time in history the engineer, as such, 
had been invited to sit on the bench of Government with the 
statesman and co-operate with and help him; but I said 
that the engineer should never go so far as to thmk imat he can 
take the place of the statesman. The function is different and 
requires a different kind of man. The engineer is not big enough 
to do both things, and if we appointed an engineer as Secretary 
of State, our diplomacy would be likely to suffer. Therefore, 
I feel that we should stay in our own province as technical 
experts, and advise about the things we know, we should go 
before the various committees of Congress and answer mquines 
about these things, but it is to them we should leave the other 
questions of what bills should be drawn and. what kind of politica 
bodies should be created to do the regulating and administering 
of the affairs of the government generally. Somethmg toward 
this aim is what we hoped to accomplish in organizing thismeeting 
here for the discussion of water-powers. 
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I T IS not strange that many years ago Huxley, with his remark¬ 
able precision of thought and his admirable command of 
language, should have indicated his dissatisfaction with the 
terms '^pure science” and ''applied science”, pointing out at 
the same time that what people call "applied science” is nothing 
but the application of pure science to particular classes of prob¬ 
lems. The terms are still employed, possibly because, after all, 
they may be the best ones to use, or perhaps our ideas, to which 
these expressions are supposed to conform, have not yet become 
sufficiently definite to have called forth the right words. 

It is not the purpose of this address, however, to suggest 
better words or expressions, but rather to direct attention to 
certain important relations between purely scientific research and 
industrial scientific research which are not yet sufficiently under¬ 
stood. 

Because of the stupendous upheaval of the European war 
with its startling agencies of destruction—the product of both 
science and the industries—and because of the deplorable unpre¬ 
paredness of our own country to defend itself against attack, 
there has begun a great awakening of our people. By bringing 
to their minds the brilliant achievements of the membership 
of this Institute in electric lighting and power and communica¬ 
tions and by calling their attention to the manifold achieve¬ 
ments of the members of our sister societies in mechanical and 
mining and civil engineering, and the accomplishments of our 
fellow-workers, the industrial chemists, they are being aroused 
to the vital importance of the products of science in the national 
defense. 

Arising out of this agitation comes a growing appreciation 
of the importance of industrial scientific research, not only as an 
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aid to military defense but as an essential part of every industry 
• * - 
m time of peace. 

Industrial research, conducted in accordance with the prin¬ 
ciples of science, is no new thing in America. The department 
which is under my charge, founded nearly forty 3 ^ears ago to 
develop, with the aid of scientific men, the telephone art, has^ 
grown from small beginnings with but a few workers to a great 
institution employing hundreds of scientists and engineers, and 
it is generally acknowledged that it is largely owing to the indus¬ 
trial research thus conducted that the telephone achievements 
and development in America have so greatly exceeded those of 
other countries. 

With the development of electric lighting and electric power 
and electric traction which came after the invention of the tele¬ 
phone, industrial scientific research laboratories were founded 
by some of the larger electrical manufacturing concerns and these 
have attained a world-wide reputation. While vast sums are 
spent annually upon industrial research in these laboratories, 

I can say with authority that they return to the industries 
each year improvements in the art which, taken all .together, 
have a value many times greater than the total cost of their 
production. Money expended in properly directed industrial 
research, conducted on scientific principles, is sure to bring to 
the industries a most generous return. 

^ While many concerns in America now have well organized 
industrial research laboratories, particularly those engaged in 
metallurgy and dependent upon chemical processes, the manu¬ 
facturers of our country as a whole have not yet learned of the 

benefits of industrial scientific research and how to avail them¬ 
selves of it. 


I consider that it is the high duty of our Institute and of every 
member composing it, and that a similar duty rests upon all 
other engineering and scientific bodies in America, to impress 
upon the manufacturers of the United States the wonderful 
possibilities of economies in their processes and improvements in 

Th^wf r T' 1 ,^"® discoveries in science. 

industS T is through the medium of 

• • 1 conducted in accordance with scientific 

principles. Once it is made clear tn # .. t,cientmc 

industrial research pays, ttV:S[ b" sTe 

^nTto Zmfe?h “^estigate their technical problems 

and to improve their processes. Those who are the first to avail 
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themselves of the benefits of industrial research will obtain 
such a lead over their competitors that we may look forward to 

the time when the advantages of industrial research will be recog¬ 
nized by all. 

Industrial scientific research departments can reach their 
^highest development in those concerns doing the largest amount 
of business. While instances are not wanting where the large 
growth of the institution is the direct result of the care which 
it bestowed upon industrial research at a time when it was but 
a small concern, nevertheless conditions to-day are such that 
without cooperation among themselves the small concerns can¬ 
not have the full benefits of industrial research, for no one among 
them is sufficiently strong to maintain the necessary staff and 
laboratories. Once the vital importance of this subject is appre¬ 
ciated by the small manufacturers many solutions of the problem 
will promptly appear. One of these is for the manufacturer 
to take his problem to one of the industrial research laboratories 
already established for the purpose of serving those who cannot 
afford a laboratory of their own. Other manufacturers doing 
the same, the financial encouragement received would enable the 
laboratories to extend and improve their facilities so that each 
of the small manufacturers who patronizes them would in 
course of time have the benefit of an institution similar to those 
maintained by our largest indUvStrial concerns. 

Thus, in accordance with the law of supply and demand, 
the small manufacturer may obtain the benefits of industrial re¬ 
search in the highest degree and the burden upon each manu¬ 
facturer would be only in accordance with the use he made of it, 
and the entire cost of the laboratories would thus be borne by 
the industries as a whole, where the charge properly belongs. 
Many other projects are now being considered for the establish¬ 
ment of industrial research laboratories for those concerns which 
cannot afford laboratories of their own, and in some of these 
cases the possible relation of these laboratories to our technical 
and engineering schools is being earnestly studied. 

Until the manufacturers themselves are aroused to the neces¬ 
sity of action in the matter of industrial research there is no 
plan which can be devised that will result in the general establish¬ 
ment of research laboratories for the industries. But once 
their need is felt and their value appreciated and the demand 
for research facilities is put forth by the manufacturers them¬ 
selves, research laboratories will spring up in all our great 
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centers of industrial activity. Their number and character and 
size, and their method of operation and their relation to the 
technical and engineering schools, and the method of their work¬ 
ing with the different industries, are all matters which involve 
many interesting problems—problems which I am sure will be 
solved as they present themselves and when their nature has 
been clearly apprehended. 

In the present state of the world's development there is nothing 
which can do more to advance American industries than the 
adoption by our manufacturers generally of industrial research 
conducted on scientific principles. I am sure that if they can 
be made to appreciate the force of this statement, our manufac¬ 
turers will rise to the occasion with all that energy and enter¬ 
prise so characteristic of America. 

So much has already been said and so much remains to be 
said urging upon us the importance of scientific research con¬ 
ducted for the sake of utility and for increasing the convenience 
and comfort of mankind, that there is danger of losing sight 
of another form of research which has for its primary object 
none of these things. I refer to pure scientific research. 

In the minds of many there is confusion between industrial 

scientific research and this purely scientific research, particularly 

as the industrial research involves the use of advanced scientific 

methods and calls for the highest degree of scientific attainment. 

The confusion is worse because the same scientific principles and 

methods of investigation are frequently employed in each case 

and even the subject matter under investigation may sometimes 
be identical. 

The misunderstanding arises from considering only the sub- 

ject matter of the two classes of research. The distinction is 

to be found not in the subject matter of the research, but in the 
motive. 


The elertrical engineer, let us say, finding a new and unex¬ 
plained difficulty in the working of electric lamps, subjects the 
phenomenon observed to a process of inquiry employing scientific 
imethods, with a view to removing from the lamps an objection- 
a e charactenstic. The pure scientist at the same time investi- 
^tes in precisely the same manner the same phenomenon, but 
with the purpose of obtaining an explanation of a physical 

ffictT^'Sh explained by kLwn 

fh^ c’a researches are conducted in exactly 

me manner, the one nevertheless comes under the head of 
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industrial research and the other belongs to the domain of pure 
science. In the last analysis the distinction between pure scien¬ 
tific research and industrial scientific research is one of motive. 
Industrial research is always conducted with the purpose of 
accomplishing some utilitarian end. Pure scientific research is 
^ conducted with a philosophic purpose, for the discovery of truth, 
and for the advancement of the boundaries of human knowledge. 

The investigator in pure science may be likened to the explorer 
who discovers new continents or islands or hitherto unknown 
territory. He is continually seeking to extend the boundaries 
of knowledge. 

The investigator in industrial research may be compared to 
the pioneers who survey the newly discovered territory in the 
endeavor to locate its mineral resources, determine the extent 
of its forests, and the location of its arable land, and who in 
other ways precede the settlers and prepare for their occupation 
of the new country. 

The work of the pure scientists is conducted without any utili¬ 
tarian motive, for, as Huxley says, ^That which stirs their pulses 
is the love of knowledge and the joy of discovery of the causes 
of things sung by the old poet—the supreme delight of extend¬ 
ing the realm of law and order ever farther towards the unattain¬ 
able goals of the infinitely great and the infinitely small, between 
which our little race of life is run.’^ While a single discovery 
in pure science when considered with reference to any particular 
branch of industry, may not appear to be of appreciable benefit, 
yet when interpreted by the industrial scientist, with whom I 
class the engineer and the industrial chemist, and when adapted 
to practical uses by them, the contributions of pure science 
as a whole become of incalculable value to all the industries. 

I do not say this because a new incentive is necessary for the 
ptire scientist, for in him there must be some of the divine spark 
and for him there is no higher motive than the search for the 
truth itself. But surely this motive must be intensified by the 
knowledge that when the search is rewarded there is sure to be 
found, sooner or later, in the truth which has been discovered, 
the seeds of future great inventions which will increase the com¬ 
fort and convenience and alleviate the sufferings of mankind. 

By all who study the subject, it will be found that while the dis¬ 
coveries of the pure scientist are of the greatest importance 
to the higher interests of mankind, their practical benefits, 
though certain, are usually indirect, intangible or remote. 
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Pure scientific research unlike industrial scientific research can 
not support itself by direct pecuniary returns from its discoveries. 

The practical benefits which may be immediately and directly 
traced to industrial research, when it is properly conducted, are 
so great that when their importance is more generally recognized 
industrial research will not lack the most generous encourage¬ 
ment and support. Indeed, unless industrial research abund¬ 
antly supports itself, it will have failed of its purpose. 

But who is to support the researches of the pure scientist, 
and who is to furnish him with encouragement and assistance 
to pursue his self-sacrificing and arduous quest for that truth 
which is certain as time goes on to bring in its train so many 
blessings to mankind.? Who is to furnish the laboratories, the 
funds for apparatus and for traveling and for foreign study ? 

Because of the extraordinary practical results which have been 
attained by scientifically trained men working in the industrial 
laboratories and because of the limited and narrow conditions 
under which many scientific investigators have sometimes been 
compelled to work in universities, it has been suggested that 
perhaps the theater of scientific research might be shifted trom 
the university to the great industrial laboratories which have 
already grown up or to the even greater ones which the future is 

bound to bring forth. But we can dismiss this suggestion as 
being unworthy. 

Organizations and institutions of many kinds are engaged in 
pure scientific research and they should receive every encourage¬ 
ment, but the natural home of pure science and of pure scientific 
research is to be found, in the university, from which it cannot 
pass.. It is a high function of the universities to make advances 
in science, to test new scientific discoveries and to place their 
stamp of truth upon those which are found to be pure. In this 
way only can they determine what shall be taught as scientific 
truth to those who, relying upon their authority, come to them 
for knowledge and believe what they teach. 

Instead of abdicating in their favor, may not our universities, 
stimulated by the wonderful achievements of these industrial 
laboratories, find a way to advance the conduct of their own pure 
scientific research, the grand responsibility for which rests upon 
them. This responsibility should now be felt more heavily 
than ever by our American universities, not only because the 
ragedy of the^ great war has caused the destruction of European 
institutions of learning, but because even a worse thing has 
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happened. So great have been the fatalities of the war that the 
universities of the old world hardly dare to count their dead. 

But what can the American universities do, for they, like 
the pure scientists, are not engaged in a lucrative occupation. 
Universities are not money-making institutions, and what can 
,be done without money? 

There is much that can be done without money. The most 
important and most fundamental factor in scientific research 
is the mind of a man suitably endowed by nature. Unless the 
scientific investigator has the proper genius for his work, no 
amount of financial assistance, no apparatus or laboratories, 
however complete, and no foreign travel and study however 
extensive, will enable such a mind to discover new truths or to 
inspire others to do so. Judgment and appreciation and insight 
into character on the part of the responsible university author¬ 
ities must be applied to the problem, so that when the man with 
the required mental attributes does appear he may be appre¬ 
ciated as early in his career as possible. This is a very difficult 
thing to do indeed. Any one can recognize such a man after his 
great achievements have become known to all the world, but 
I sometimes think that one who can select early a man who 
has within him the making of the scientific discoverer must 
have been himself fired with a little of the divine spark. Such 
surely was the case with Sir Humphrey Davy, himself a great 
discoverer, who, realizing the fundamental importance of the 
man in scientific discovery, once said that Michael Faraday, 

whose genius he was prompt recognize, constituted his greatest 
discovery, 

I can furnish no formula for the identification of budding genius 
and I have no ready-made plan to lay before the universities 
for the advancement of pure scientific research. But as a repre¬ 
sentative of engineering and industrial research, having testified 
to the great value of pure scientific research, I venture to sug¬ 
gest that the university authorities themselves might well con¬ 
sider the immense debt which engineering and the industries 
and transportation and communications and commerce owe to 
pure science, and to express the hope that the importance of 
pure scientific research will be more fully appreciated both 
within the university and without, for then will come—and then 
only that sympathetic appreciation and generous financial 

much needed for the advancement of pure scientific 
research in America. 
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While there are many things—and most important things— 
which the universities can do to aid pure science without the 
employment ^of large sums of money, there are nevertheless a 
great many things required in the conduct of pure scientific 
research which can be done only with the aid of money. The 
first of these I think is this: , 

When a master scientist does appear and has made himself 
known by his discoveries, then he should be provided with all of 
the resources and facilities and assistants that he can efl^ectively 
employ, so that the range of his genius will in no way be restricted 
for the want of anything which money can provide. 

Every reasonable and even generous provision should be made 
for all workers in pure science, even though their reputations 
have not yet become great by their discoveries, for it should be 
remembered that the road to great discoveries is long and dis¬ 
couraging and that for one great achievement in science we must 
expect numberless failures. 

I would not restrict these workers in pure science to our 
great universities, for I believe that they should be located also 
at our "technical schools, even at those with the most practical 
aims. In such schools the influence of a discoverer in science 
would serve as a balance to the practical curriculum and famil¬ 
iarize the student with the high ideals of the pure scientist and 
with his rigorous methods of investigation. Furthermore, the 
time has come when our technical schools must supply in largely 
increasing numbers men thoroughly grounded in the scientific 
method of investigation for the work of industrial research. 

Even the engineering student, who has no thoughts of indus¬ 
trial research, will profit by his association with the work of the 
pure scientist, for if he expects ever to tread the higher walks 
of the engineering profession he must be qualified to investigate 
new problems in engineering and devise methods for their solu¬ 
tion and for such work a knowledge of the logical processes of 
the pure scientist and his rigorous methods of analyzing and 

weighing evidence in his scrupulous search for the truth will be 
of the greatest value. 

Furthermore, the engineering student should be taught to 
appreciate the ultimate great practical importance of the results 
of pure scientific investigation and to realize that pure science 
furnishes to engineering the raw material, so to speak, which he 
must work mto useful forms. He should be taught that after 
graduation it will be most helpful to him and even necesary, if 
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li6 is to bo 3. loader, to W3tcli with C3r6 tho work of the piiro 
scientist and to scrutinize the reports of new scientific discov¬ 
eries to see what they may contain that can be applied to useful 
purposes and more particularly to problems of his own which 
require solution. There are many unsolved problems in applied 
^science, to-day which are insoluble in the present state of our 
knowledge, but I am sure that in the future, as has so often 
happened in the past, these problems will find a ready solution 
in the light of pure scientific discoveries yet to be made. When 
thus regarded the work of the pure scientist should be followed 
with most intense interest by all of those engaged in the appli¬ 
cation of science to industrial purposes. Acquaintance, therefore 
with the pure scientist, with his methods and results, is of great 
iniportance to the student of applied science. I believe that 
there is need of a better understanding of the relations between 
the pure scientist and the applied scientist and that this under¬ 
standing would be greatly helped by a closer association between 
the pure scientist and the students in the technical schools. 

While I have drawn a valid distinction between the work of 
the two, they nevertheless have much in common. Both are 
concerned with the truth of things, one to discover new truths 
and the other to apply these truths to the uses of man. While 
the object of the engineer is to produce from scientific discoveries 
useful results, these results are for the benefit of others. They 
are dedicated to the use of mankind and, as is the case Avith the 
P^4re scientist, they should not be confused with the pecuniary 
compensation which the engineer himself may receive for his work 
for this compensation is slight, often infinitesimally so, compared 
with the great benefits received by others. Like the worker in 
pure science, the engineer finds inspiration in the desire for 
achievement and his real reward is found in the knowledge of the 
benefits which others receive from his work. 

There are many other things which might be discussed con¬ 
cerning the conduct of pure scientific research in our universities 
and technical schools, but enough has been said to make it plain 
that I believe such work should be greatly extended in all of 
our American universities and technical institutions. But where 
are the universities to obtain the money necessary for the carry¬ 
ing out of a grand scheme of scientific research? It should come 
from those generous and public spirited men and womeji who 
desire to dispose of their wealth in a manner well calculated to 
advance the welfare of mankind, and it should come from the 
industries themselves, which owe such a heavy debt to science. 
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While it cannot be shown that the contribution of any one manu¬ 
facturer or corporation to a particular purely scientific research 
will bring any return to the contributor or to others, it is certain 
that contributions by the manufacturers in general and by the 
industrial corporations to pure scientific research as a whole 
will in the long run bring manifold returns through the medium of, 
industrial research conducted in the rich and virgin territory 
discovered by the scientific explorer. 

It was Michael Faraday, one of the greatest of the workers 
in pure science, who in the last century discovered the principle 
of the dynamo electric machine. Without a knowledge of this 
principle discovered by Faraday the whole art of electrical 
engineering as we know it to-day could not exist and civilization 
would have been deprived of those inestimable benefits which 
have resulted from the work of the members of this Institute. 

Not only Faraday in England, but Joseph Henry in our own 
country and scores of other workers in pure science have laid 
the foundations upon which the electrical engineer has reared 
such a magnificent structure. 

What is true of the electrical art is also true of all of the other 
arts and applied sciences. They are all based upon fundamental 
discoveries made by workers in pure science, who were seeking 
only to discover the laws of nature and extend the realm of human 
knowledge. 

By every means in our power, therefore, let us show our 
appreciation of pure science and let us forward the work of the 
pure scientists, for they are the advance guard of civilization. 
They point the way which we must follow. Let us arouse the 
people of our country to the wonderful possibilities of scientific 
discovery and to the responsibility to support it which rests 
upon them, and I am sure that they will respond generously and 
effectively. Then I am confident that in the future the members 
of this Instutite, together with their colleagues in all of the other 
branches of engineering and applied science, as well as the phys¬ 
ician and surgeon, by utilizing the discoveries of pure science 
yet to be made, will develop without number marvelous new 
agencies for the comfort and convenience of man and for the 
alleviation of human suffering. These, gentlemen, are some of 
the considerations which have led me here in my presidential 
address to urge upon you the importance of a proper under¬ 
standing of the relations between pure science and industrial 
research. 
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STANDARDIZATION 


BY C. LE MAISTRE 


A llow me to commence these remarks by saying how deeply 
sensible I am of the honor of addressing this representative 
gathering of American electrical engineers. Thoughtful Euro¬ 
peans, as Lord Bryce well said, have begun to realize the increas¬ 
ing influence of this vast country in the affairs of the world, 
’ and the splendor of the part reserved to you in the development 
of civilization. A brief visit to your hospitable shores has been 
an inspiration and has enabled me to appreciate, in some small 
measure, the freedom of your thought, and the breadth of your 
conceptions. Such is the grandeur of your outlook that I can 
but echo what was so beautifully expressed by one of the orators 
at the recent Harvard commencement exercises, namely, that 
the world needs you and the world will heed you if you but 
acquit yourselves as men! 

So much has been written regarding standardization, and the 
art has become so necessary to progress, and is so familiar to 
many of you, that I cannot hope to do more than focus your 
ideas oh a few of the more important aspects of the subject. 
I shall also try to bring into prominence some of the points 
connected with the development of engineering standards in 
Great Britain, which I hope may be of interest, more especially 
as in order to minimize overlapping and obviate piecemeal 
methods, the question of co-ordinating the various individual 
methods in one homogeneous body is occupying the serious 
attention of competent authorities in this country. 

In matters electrical, national and international standardiza¬ 
tion are so intimately connected that it is scarcely possible to 
speak of the one without discussing the other. Indeed, inter¬ 
national standardization, a barbarous term it is true, but a 
difficult one to supplant, would seem to be the natural develop¬ 
ment from the experience gained in the practical application 
of national standards. 

It was stated on one occasion, I remember, that the earliest 
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record of standardization was to be found in the introduction 
of the Greek alphabet initiated by Xerxes and which was refused 
by China and Russia. However that maybe, the most notable 
step in the realization of engineering standards, in so far as 
Great Britain is concerned, was in 1841, when Sir Joseph TV^hit- 
worth introduced his standard screw thread. When urging 
the necessity for standardization, he illustrated his argument 
by mentioning that candles and candle-sticks were in use in 
almost every house, and nothing could be more convenient 
than for the candles to fit accurately into the sockets of the candle 
sticks, which they seldom did. The lesson taught by his illus¬ 
tration lies at the root of standardization and necessarily carries 
with it disadvantage to the few for the advantage to the many. 

Then we come to the Standards Committee of this Institute, 
of which Prof. Crocker was the first Chairman, which reported 
on electrical standardization in 1898. The splendid pioneer 
work accomplished by that committee has been an incentive 
to many others and whatever form the proposed central organi¬ 
zation may take, the Standards Committee of this Institute 
will doubtless retain intact its distinctive character whilst sup¬ 
plementing and extending its activities. 

Several factors, including keen competition from outside, the 

legitimate demands of labor for a higher standard of living, 

coupled with the desire of capital for a better return, have 

compelled the electrical, in common with the whole engineering 

industry, to introduce modern order and system into all its 

methods of production. Former individualistic methods have been 

forced to give way to co-ordination and collective effort. It is, 

in fact, co-operation which gives the highest value to individual 

effort. ^ This, if voluntary and not compulsory, will help to 
maintain quality. 

Now, these improvements which have already resulted in 
marked benefits, must not only be maintained, but continually 
added to if the full advantages are to be reaped. Inevitably 
t e necessity of standards to which the products of the work¬ 
shops ma^ be referred, has manifested itself just as much as 
fixed standards of weights and measures. 

Of course, the individual gain, economically, in private work¬ 
shop standardization is acknowledged great to the producer 
or^it tends towards interchangeability of working parts, lessens 
maintenance charges and stores; crystallization, however, which' 
would tend to impede and in some cases stultify progress must 
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be jealously guarded against if monopolies are to be avoided 
and the purchaser is not to be deprived of the benefit of competi¬ 
tive effort and inventive genius. If, therefore, through some com¬ 
prehensive centralized body, the users and producers alike can 
be persuaded to accept an agreed standard, the community 
* interests of buyer and seller are thereby realized and a high aver¬ 
age efficiency secured. Generally speaking, satisfactory stand¬ 
ardization, whether national or international, has usually been 
arrived at not by one section of the community imposing its 
opinions on the other, but rather as the result of co-operative 
action on the part of all concerned. 

Experience has clearly shown that such procedure does not 
lower the standard, but if anything tends rather to raise it. 
It reflects, in effect, the consensus of opinion as to what consti¬ 
tutes best modern practise. Such standardization is only ar¬ 
rived at by common consent of the governed who take full 
part in the discussions and in the initiating and working out 
of the actual details of the specifications to be recommended for 
public use. This is one of the bhief reasons why the work of 
the Engineering Standards Committee of Great Britain is so widely 
adopted—because of the utmost care which is taken, at the very 
outset, to insure that all who have or could possibly have any 
interest in the proposed standardization shall have an adequate 
representation on the Committee drafting the recommendation. 
This representation is usually effected through the recognized 
societies and associations of the particular engineers or trades 
concerned. Such methods register the views of the experts 
in manufacture as well as those intimately acquainted with the 
conditions under which machinery and apparatus are employed 
in every day service. 

Undoubtedly, mutual concession and ultimate agreement 
between the parties interested tend towards uniformity of prac¬ 
tise, avoidance of waste, elimination of harsh and unnecessary 
conditions, and last, but by no means least, bring about a feeling 
of mutual confidence, such as could not be realized by isolated 
action on the part of either, however honorable and straight¬ 
forward it may be. 

Again, though much time and labor be occupied in preparing 
such standard specifications, additions and emendations de- 
manded by experience and new developments must be provided 
for, and consequently, the specifications must be reviewed 
annually and thus eliminate undesirable stereotyping of pro- 
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cedure. Such revisions must also be promptly and efficiently 
dealt with. The standards should have no other authority 
than that of commom consent. In fact, it is public opinion which 
gives them their dynamic force, and all progress would be arrested 
if there was a possibility of their being enacted into statutory 
law. 

The initiation in 1901 of the British Engineering Standards 
Committee, the greatest private voluntary effort of the kind, 
is due to Sir John Wolfe Barry, K. C. B., whose name is a house¬ 
hold word amongst British engineers. His commanding 
influence in the engineering world, and the deep respect in which 
he is held by the whole profession has probably been the greatest 
factor in bringing this organization to its present unassailable 
position. It had a small beginning, but has increased in scope 
and efficiency till today its influence is felt and its specifications 
acknowledged and worked to throughout practically the whole 
of the Empire. Its main committee, or Senate, is composed of 
the official representatives of the five leading engineering insti- • 
tutions; to this committee falls the whole administration of the 
work, the raising of the necessary funds, the controlling of the 
expenditure and the ratification of all reports and specifications 
presented by the various sectional committees prior to publi¬ 
cation. The sectional committees are instituted by this main 
committee which appoints the respective chairmen. Under 
this main committee there are some 80 sectional sub-committees 
and small panels, the membership being between 500 and 600. 
The sectional committees consist of representatives of the var¬ 
ious government departments, consulting engineers, manu¬ 
facturers and users, as well as representatives of the technical 
societies and trade associations interested in or affected by the 
subjects under consideration. The sectional committees, and 
in some cases the sub-committees, decide the broad lines upon 
which the specifications are to be drawn up and then delegate 
the working out of the preliminary details to a sub-committee 
or panel. If necessary, evidence is taken, the advice of experts 
is sought, and in this way all parties are consulted and have a 
proper voice in the initial proposals, thus avoiding much sub¬ 
sequent friction which might otherwise occur. 

The specifications of the committee find an increasingly wide 
adoption, being more and more substituted for. the various 
government and municipal specifications hitherto employed. 
They deal with the main technical clauses, leaving questions of 
contact to be dealt with by the purchaser. 
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The electrical section of the committee, which forms an impor¬ 
tant part of the whole, is under the able chairmanship of Sir 
John Snell. It has recently been entirely reorganized, and is 
now ipso facto the British National Committee of the Interna¬ 
tional Electrotechnical Commission, or the L E. C. as it is called. 

, Thus the national and international interests of the British 
electrical industry are under one organization with increase of 
efficiency in every way. Dr. R. T. Glazebrook, C. B., is the 
chairman of the committee when I. E. C. matters are under 
discussion. 

In drawing up industrial standards covering electrical machin¬ 
ery and apparatus, experimental investigations frequently be¬ 
come necessary in order to establish the facts underlying the 
principles involved, and it is in this connection that the National 
Physical Laboratory has been and is so conspicuously useful 
to the Standards Committee. It is in effect our official testing 
bureau, and our ultimate authority, and it acts in an advisory 
capacity in practically all the work. The success of the British 
Standards Committee is due in large measure to the energy, 
foresight and ability of Mr. Leslie Robertson, the Chief Secretary, 
■whose geniality and intimate knowledge of men and affairs 
have enabled him to cope successfully with problems many 
another would have hesitated to undertake. Going on a govern¬ 
ment mission he perished with Lord Kitchener on June 6th last, 
an irreparable loss to us all. 

The commerce of the world, due to the wondrous development 
of communication, has, one might almost say, in spite of the 
artificial barriers set up by the different nations, become more 
and more international. It is, of course, inevitable that the 
standardization rules for electrical machinery in use in the var¬ 
ious countries should differ in detail because conditions of manu¬ 
facture necessarily differ and so influence the rules. Yet the 
method of ascertaining the actual rating of a machine, paper 
rating one might almost call it, so important to the prospective 
purchaser, especially when separated from the maker by long 
distances, as- is often the case, should strrely be identical in all 
countries, since it depends on the physical and mechanical 
properties of the machine, and is not a question of geographical- 
position. This is peculiarly the work of the I. E. C. 

Theory and practise are perhaps more closely allied in elec- . 
trical engineering than in any other applied science, and, it is 
therefore, important in the application to industrial purposes 
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of the laws of electrotechnics, that the rules which form the 
basis of technical specifications and consequently of commercial 
contracts, should be as free as possible from ambiguity and 
complications, yet at the same time sufficiently definite and 
comprehensive to insure a satisfactory means of comparison 
between the machine supplied and the standard. 

The problem is, however, more intricate than that of dealing 
with simple pieces of mechanism, for it involves the consideration 
of the peculiar properties of the materials forming the essential 
portions of the machine. For instance, the conductivity of the 
copper or the permeability of the iron can be measured with 
substantial accuracy and, what is more important still, without 
the portion tested being destroyed or damaged. The mechanical 
strength of the materials also can be estimated with sufficient 
accuracy from the result of definite and easily carried out tests 
on samples of the materials, with almost complete assurance 
that the bulk material will have the same properties and therefore 
behave in the same way as the samples tested. These partic¬ 
ular properties are, in fact, of such a nature that they can be 
specified with precision, and moreover, are not appreciably 
affected by the elements of time. When the question of the 
insulating materials, however, is considered, the problem is 
of course, very different, and one can but acknowledge that 
owing to their inherent properties, the insulating materials 
employed at present, come into an entirely different category. 
They are governed by no well-defined laws, as in the case of 
the copper and iron, their properties are variable and alter 
largely for very small changes in the conditions of manufacture, 
as well as those under which they are employed in the completed 
machine. The resistance they offer to the passage of the current 
constantly changes, and tests on samples are, therefore, not 
very satisfactory, as varying the length of the test may give 
results differing considerably in magnitude. One of the most 
important problems, therefore, is the settling of the limits 
which it is considered necessary to impose in order to insure 
that the principal causes of destruction of the insulating materials, 

the heating combined with the time element, shall be kept 
well within safe limits. 

A clear distinction exists between an ‘‘international standard 
■ of quality and an “international rating.” The international 
acceptance of the former has already been brought about by 
the adoption, by the I. E. C., at its Berlin meeting in September, 
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1913, of certain limits of observable temperature applying to 
the materials in general use today. But these limits do not 
offer a means of comparing directly machines from various 
sources, since they would not necessarily have the same tem¬ 
perature rise. No international decision has yet been arrived 
»at in regard to the value of the cooling-air temperature to be 
associated with the upper limits already adopted, the commis¬ 
sion wisely preferring to adhere to its rule of not taking action on 
any important question except on a four-fifths majority of the 
countries registering their votes. The wisdom of this procedure 
has been amply justified on more than one occasion, and 
although the advent of the war has unfortunately resulted, in 
so far as international standardization is concerned, in what 
might be termed a state of suspended animation, there is every 
reason to anticipate that the delay thus enforced will not 
adversely affect the solution of this particular problem. 

However, there are very good grounds for hoping that the 
temperature rise recognized as standard in America and Great 
Britain will ultimately be accepted throughout the world. 

It is evident also that the standardization rules in use in the 
various countries will tend to grow less divergent in proportion 
as the work of the I. E. C. progresses, and although the inter¬ 
national rules are not intended to supplant those employed . 
locally, they cannot fail, when issued, to be of material assistance 
to buyers and sellers of all nationalities. In addition to, or rather 
collaterally with, the rating of machinery, the 1. E. C., through 
properly constituted special committees, has under consideration 
several other matters which come under the general heading 
of nomenclature and symbols. The work accomplished, so 
far, in these directions, may by some, be considered somewhat 
academical, but it should not be overlooked that international 
symbols, if widely adopted as they deserve to be, will greatly 
assist in the reading of foreign technical works, and that inter¬ 
national agi'eement in regard to nomenclature, immensely 
difficult as it is, and calling for so much personal sacrifice of 
long-cherished conditions, will be of the greatest value to the 
industry generally. Also the subject of graphical symbols for 
electrical plans now being studied will be of considerable assist¬ 
ance in foreign tenders. Experience shows that the utmost 
caution is necessary in all international questions, and that 
nothing is to be gained by forcing a vote on a point not yet 
ripe for decision. One may hope with confidence that when 



496 


LE MAISTRE: STANDARDIZATION 


[June 27 

peace reigns once more in distracted Europe industrv will Ha 

more than rehabilitated, and the electricians of the world fully 

appreaating, as they have, the potentialities of such co-operation 
will continue their work so well begun. operation, 

I cannot close this brief review without paying a tribute of 

R E. Crompto? 

enerm ttf Secretary, to whose enthusiasm andjceaseless ' 

gy the commission owes its very inception. He has been a 

of 

unsel of his npe experience to help and encourage us through 
all our vicissitudes. May he long be spared to us i 

assistance appreciation of the invaluable 

cStraToL° i! Section of the I. E. C., which the 

with his WOTUI f enjoyed. To Dr. Mailloux, 

siblt to rlS T ^ 'i^St it is impos- 

otw toT ? . movement, it was 

® P®^^®ot ease with which he was able to explain 

to languages, almost without realling 

l^^^ltll ^ill^3 IcLU li * the many difficulties connected 

smoottod Iwf, T “ “Wprise were successfully 

smootiied away. To Dr. Kennelly, too, I owe much for the 

Indeed generously given me. 

'been appealeTto in Section has never 

thJ^dectiicVtoistr*^^f^lf^^"* advancement of 

tionththtiU rf ’ -opera- 

individual but rather „jv f 

team-work of every blooming SOUL” everlasting 
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Discussion on ^^Standardization’’ (le Maistre) Cleve¬ 
land, Ohio, June 27, 1916. 

T\yr 1 TVyT'j- ’j ? : We are, indeed, very fortunate to have 
Mr. le Maistre with us here today. He has told us something 
about the work and organization of the Engineering Standards 
Committee of Great Britain, and of the I. E. C., but, naturally, 
did not say anything to us about what I might call the real deus 
ex machina of international standardization, and that is Mr. le 
Maistre himself. If it had not been for his extraordinary genius 
in diptomacy,_ in turning the sharp angles, in smoothing down 
the ruffled feelings, in finding the way out, in working with entire 
self-effacement, and self-forgetfulness, with the major end in 
view, if it had not been for the wonderful work on the part of 
^Mr. le Maistre, the success of the entire movement would have 
been very questionable, indeed. 

Those of us who have been to the other side to attend the 
meetings of the 1. E. C. and of its committees, have formed a 
yery^ great affection for him, and the utmost confidence in his 
far-sightedness, and above all, in his fair-mindedness. Now that 
he has come over to this country, the contact between the work 
of the British Committee of the International Electrotechnical 
Commission and our own Committee will undoubtedly be es¬ 
tablished even more closely than before, and we know we have in 
Mr. le Maistre a thoroughly reliable foreign connection, a go- 
between, if you please, whereby the concordance of the work 
in this country with the work in Great Britain will be assured, 
since he will act to each committee as an interpreter of the 
work of the other. We, therefore, ought to thank him for com- 
ing, and we ought to thank his broad-minded chiefs on the other 
side who have sent him. I am sure he will go back with the 
heartiest good wishes of all of us who have met him here. 

Farley Osgood; I cannot say too many kind things about 
our English friend, Mr. le Maistre. He came here a few weeks 
ago, unknown personally to most of us, although well known by 
reputation, and he at once was a help to us in our standardization 
work. His assistance at the Chicago conference of the Bureau of 
Standards, in connection with the Safety Code, was very great 
and his clear explanation of the English methods of caring for 
this kind of work very materially assisted in our discussion at 
that time, and all felt that we were fortunate to have had a visit 
from him at this most opportune moment. 

C. P. Steinmetz: I have little to add, except to say that as a 
member the first Standards Committee which was organized 
here in 1897, and repeated the next year, and as a member of 
all the succeeding Standards Committees and all the National 
Electrical Comrnittees, until the last year, when naturally the 
younger generation, our pupils, took over the work, I have 
always been very much interested in the work of national and 
international standardization, though I must confess that when 
international standardization was started I very much doubted 
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the feasibility of accomplishing many of the results aimed at, 
due to the difficulty of getting practically unanimous agreement, 
which was necessary, between all the nations, but I must confess 
I was greatly surprised by the relatively large amount of work 
accomplished. 

How this was done I have only in the last day or two been able 
to realize, by having a chance to discuss the matter with Mr. le 
Maistre, and I then realized that in this work, as in many others, 
the result was to a very lairge extent the personal accomplishment 
of one who devoted all of his time and energy to the purpose. 

^ Mn le Maistre says that the work of internationa,! standardiza¬ 
tion IS now unfortunately in a state of suspended animation: 
that is true, but during these days the world is being impul¬ 
se ely toven into shape for co-operation, and all standardiza- 
IS based on co-operation. When this unfortunate war ends, 
an the nations wake up again, after finding themselves very 
much changed, the old idea of pery one for himself will be seen 

be a greater realization of the 
necessity of co-operation for the mutual welfare. We may well 

fh. of animation ar. not lost, 

but that the work of^ international standardization will oroceed 

bst^STe^afsnn^^^^lS^ the 

° present conditions pass. 

thank e^4 one SionaUy. " ^ ^ 

sphitio^^^A^at^ff’ repeatedly, been to me an in- 

wf T f ^ ^ , *be large way in which you view the orob- 

lems, I have seen the co-operative spirit so alive here- and tn 
the kindnesses which have hee-n , ® ®’ . to 

the manufacturers the laree cornSftT^ by everybody, by 
manufacturers who have Ane^ff as the smaller 

as well as for my mental instriie+° “^5^ “7 Physical comfort 

London with a feelin^thlt t ^ ^ back to 

your famUy. ^ ^ have been accepted as one of 

really express to ^ouThes^ feelinvs°^ thought and I could not 
have for having had the unspeakable gratitude I 

kmowing something of yom^nstitutionT™'^^^ America and of 

men. so eminent il ourp7ofes2S w’ 

friendships will not be ^e^the these 

the continuous cuirent ^igh-tension spark, but more like 


and it is by these meeSni ^^tion^ 

highly cosmopolitan in the tmest senat becoming more 

rough edges knocked off Set our 

lam sure my own Committee wilf^nA ^PP^®^^ate other people. 

their deleglte hSeS^/^^ highly, indeed, 
substantial co-operation that them hS ®^ *be very 

mere nas been between our nations. 
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I can say that I have so many friends here that I do not feel 
that I can mention one without neglecting a very long list of the 
others, and therefore, gentlemen, all that I can say is that I 
thank you very much indeed. 

C. A. Adams (communicated after adjournment): Not hav¬ 
ing been present during Mr. le Maistre’s address, I am taking 
• this opportunity of expressing myself on two phases of this sub¬ 
ject which are close to my heart. 

The first of these has to do with the very broad, one might 
almost say philosophic, aspect of standardization. 

The world is today in the throes of its greatest war. But there 
are other types of confiict between nations or more often between 
the various groups within nations, which are always with us, 
and whose possibilities in the way of producing real human un¬ 
happiness and misery are quite as great in the long run as those 
of a war even of the magnitude of that now in progress. 

^ The more one studies such conflicts the more one becomes con¬ 
vinced that one of the most important causes is the lack of 
mutual understanding and appreciation as between the various, 
groups involved. This lack of understanding is in turn due to 
the various barriers which separate the groups, and one of the 
greatest of these barriers is the lack of a common and accurately 
understood language, this last word being employed in its broad¬ 
est possible sense. For example, contemplate the large number 
of disputes based upon different interpretations of the same 
document, even when the document has been drawn by experts 
with the greatest care, and with the special aim of avoiding 
vagueness. How much more difficult it is to avoid misunder¬ 
standing between two groups having widely differing life ex¬ 
periences, customs and standards, or again between peoples of 
different traditions and speaking different tongues. 

One of the most important functions of any Standards Com¬ 
mittee is to establish within its own field just such a precise and 
compact language which will be acceptable to all concerned, 
e.g. it is obviously of the utmost importance that we all under¬ 
stand the same thing, when we say that an alternator has a con¬ 
tinuous rating of 1000 kv-a. Yet it took your Standards Com¬ 
mittee many years to produce a satisfactory and generally ac¬ 
ceptable definition of “Rating”, and a considerable part of our 
present rules is devoted to the defining and elucidating of this 
one word and to explaining how the rating of a machine can be 
checked by test. 

The process by which this result was obtained is in a large 
degree typical of all the work in this field, and at the same time 
illustrative of the chief point of these remarks. 

First the various groups involved were brought together; they 
exchanged data, experiences, theories and points of view; until 
apparent conflicts of interests disappeared through a process 
(sometimes stormy) of mutual education. In other words they 
finally came to an understanding through the evolution of a 
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common language. That this language is still imperfect is ob¬ 
vious, but it serves a very useful purpose even now, and will 
doubtless grow in usefulness as it slowly evolves. 

Taking the next step, into the international realm of engi¬ 
neering standardization, we find the same process at work- and 
although a little more slowly, yet to the same end; a gradual 
evolution of an international understanding, a substantially 
universal language, and a cordial spirit of co-operation, which if 
it extended only to the confines of the particular realm of human 
endeavor here under discussion, would nevertheless be an im¬ 
portant factor in the hastening of that time when the term 
human brotherhood” will apply beyond the borders of each 
particular little group. 

To be sure this international movement appears to be tem- 
poranly arrested in certain quarters, but I for one, am confident 
that the engineers of the waring nations will be among the first 

to set aside partisan feelings for a broader common sense soirit 
of co-operation. ^ 


This brings me to my second point, which is the personal one. 
in all of this work where representatives of the various groups 
get together, the personal element is a most vitally important 
j ^ needs the courage of his convictions, but the narrow 
minded partisan must in the long run give way to the broader 
co-operative spirit. Many of the chasms of unfriendly mis¬ 
understanding which develop in all fields of endeavor might 
easily be bridged if there were more of this spirit abroad. 

+ connection I cannot refrain from adding my tribute 

j ^^istre. He came to us as delegate of the Engineering 
Standards Committee of Great Britain; he sat with us in im 
ormal conference or in formal meeting day and night in several 
periods aggregating two soHd weeks; he presented the sugges- 
tons of th. Bntoh Commttee in tho b™dest possible 
but did not confine his discussions to that part of the subject- 
he entered into the spirit of oim meetings and became one of us,’ 

aSSiuTp his time and experience; his personal 

hereafter feel any 

tIT- i T I’^complete without his suggestions. 
eal^ntbaS® § together, of co-operation, of learning 

nQ up a friendly understanding 

tokL thffi^,faS^/J,^^^^ suspicion, which was referred 
bmTk^df^* ^ these remarks It is work of this.kind which 

and nations clLr^toJethS.™'®^'^®''"*^'''^'''^’ 

worid^nwf^ffGreat Britain but the 
of Mr congratulated in the recent appointment 

StandlVdl Secretary of the Engineering 

ri °I Bntain, and the electrical en- 

retaiifin f h?<= f be specially congratulated in still 
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ELECTRIC DRIVE FOR REVERSING ROLLING MILLS 


BY WILFRED SYKES AND DAVID HALL 


Abstract of Paper 

The manner in which the electrically driven reversing rolling 
mill has been adopted especially within the last year, is surprising 
in_ view of the strongly entrenched position of the steam driven 
mill. _ Electric motors have been used for many years on mills 
running continuously in one direction, but many motor users 
have felt that the reversing mill could be better handled with the 
steam engine. There am naturally many characteristics little 
understood, due to the limited use in this country today. 

This paper answers some of the questions which are raised 
and describes the constructions that have been found desirable. 

ELECTRICALLY driven reversing mill has been the 
subject of a number of papers* before the Institute in 
v^^hich the general scheme of operation has been described in 
detail. Since these papers were presented this type of mill has 
been considerably developed and a number of installations made. 
In addition, a great many new mills are being equipped, and 
within the next year there will be 15 reversing mills in operation 
in the United States. The great success that has been attained 
appears to warrant a review of this subject together with a 
discussion of some of the characteristics of this equipment. 

Since the first installations were made and mill engineers 
have been in a position to personally check the operation and 
economy of equipment, the steam engine for reversing mills 
has been comparatively neglected. As an indication of the 
position that the electrically driven mill has attained , the engineers 
of one of the large steel companies upon making investigation 
regarding the type of drive to install for new reversing mills, 
stated that the electric drive would undoubtedly in the very 
near future entirely supplant the reversing steam engine except 

^Electrically Driven Reversing Mills, by Wilfred^ Sykes. A. 1. E. E. 
Transactions, 1911. 

Operation of a Large Electrically Driven Reversing Mill. By Wilfred 
Sykes, A. I. E. E. Transactions, 1912. 

Electrification of a Reversing Rolling Mill of the Algoma Steel Co. 
By B. T. McCormick, A. I. E. E. Transactions, 1912. 
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new instal- 


or 

to 


n j ^ niills coiit6iiiplatGci Sit prcsGnt will Ka i 4 . • 

cally driven. Although the electrically driven 2 i. f”' 
it is cWcterisSTAlJi™^^ If “ 

«ici?s * Th* to suit thi'A^eSi* ml 

respects U “ ““P 

been given to the mechS coZnetird r“““ 

will stand the Lch rough machine 

country. handling which it receives in this 

MtotT ttfeTeVersSg plate" read before the 

Chicago plant of the lUiL Sted cJ^ 
this type to be nut int ^ ^ *he second drive of 

ei.nXtI:„trZeSeZr,Zt^^^^ '* »“ 

was being constructed in Europe Tt arrangement 

later before a reversinp- lni ' -i ^ number of years 

The fct sncZSrLZZf „7“ 
was that of the Steel Comna e ^ reversing blooming mill 

This installation cZistoZ Z Z““*“ “ 0«- 

^-er froL fflXi mX^^nZZrZwZ r 

ha^s"b electrical installation is shown in pj°i ^^?5f ° m 

has been in operation for over three ® 

stL'o'f rz:z‘sTii r 

iobowmg .e pmtS 7T^ ^p ^ 

Weight.. _.:-15 by 17 in. 

Finished material . 4000 1b. 

Elongation.*' *.. by 4 in. 

Number of passes.. . 

RXd1aLTe“ ;6^ 

Pinion diameter_* ... in. 

Speed, full motor field.... ..2 a 

^eed, weakened motor field*.* ^nin. 

Enven from motor .•' pcr min. 

■ Number of motors.. ’ V. ‘ .. 

■ • ■ • • • ■ • 600 

of generators. .-10,000 

Weight^of^ly °f set..... 1800 h.p. 

Speed of flywheel set. iS^.OOO lb. 

. rev. per min. 


ft-lb. 
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Fig. 1—General View of Flywheel Motor Generator and 

Reversing Motor Installed at the Plant of the Steel Company 
or Canada. 



Fig. 2—Reversing Motor Built 
Assembled in Shop. 
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FOR Bethlehem Steel Company 
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Pig. 4 Reversing Motor Driving Blooming Mill of Central Stee^ 

Company 



Fig. 12 Compensating and Commutating Pole Windings 

in Reversing Mill Motors 
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The largest installation at present in operation is that of the 
Bethlehem Steel Co. which drives the 35-in. blooming mill at 
the Lehigh Plant. Fig. 2 shows the motors as assembled in the 
shop before shipment. Both of the above mentioned installa- 



Fig. 3—Schematic Diagram of Connections of Lar^ Reversing 

Mill Drive 

OCB —oil circuit breaker with no-voltage and overload trip 

SR —automatic liquid slip regulator 

ACM —alternating-current wound-rotor induction motor 

DCG —direct-current separately-excited generators 

DCM —direct-current separately-excited roll motors 

CB —circuit breakers—1 generator field—2 main circuit 

R —relay for operating circuit breaker in generator fields 

FC —field controller 

F —flywheel 

SE —shunt exciter for generator and roll motor fields 

SeE —roll motor exciter the field of which is separately excited by the main d-c. circuit 

SACM —alternating-current squirrel-cage induction motor 
V ■ —voltmeter 
A —ammeter 

W —wattmeter 

tions have double motors due to the amount of power required. 
The machines are arranged as shown by diagram, Fig. 3. A 
somewhat similar drive is installed at the plant of the Central 
Steel Co., Massillon, 0., but a single motor is used for driving 
the mill, the capacity of the motor being approximately 8000 h.p 
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This motor is shown in Fig. 4, which illustrates the machine as 
• installed for driving the mill. Characteristics of these mills are 
as follows ; 

Bethlehem Central 

Steel Co. Steel Co. 

Size of ingot.. 19 by 23 in. 18 by 20 in. 

: . 10,000 lb. 5,000 lb. 

Finished material. 4 by 4 in. up 4 by 4 in. up 

Ebngation. 10-12 av. Up to 20 

.Number of passes. 17-21 19-21 

Capacity, tons per hour. 100 60 

Roll diameter. 30 in. 30 in. 

Pinion diameter.. . 35 in. 34 in. 

Speed, full motor field.. 40 50 

Speed, weakened motor field. . . 120 120 

Driven from motor. direct direct 

Number of motors. 2 1 

Voltage across each armature.... 600 700 

Ma.ximum operating torque.. . . 1,550,000 ft-lb. 750,000 ft-lb. 
Maximum motor horse power... 12,000 8 000 

Number of generators. 2 

Rated power of driving motor 

• • V • ... 2,000 kw. 1,500 kw. 

. 100,000 1 b. 60,000 1 b. 

Speed of flywheel set..375 rev. per min. 375 rev. per min. 

In the recent installations the reversing motor is arranged to 
mve the characteristics of a compound machine. This is 
? indirectly through a series exciter. The current to 

e handled in the mam circuit may be as high as 10,000 amperes, 
and It IS obvious that it would be extremely difficult to reverse 
ffie senes field each time the motor is reversed, which would 

to the current flowinr' ’ troltage of which is proportional 

cuit nf fh * ^ circuit. The armature cir- 

Sd ot he mTtT ^ the 

rection of roffiln^ the di- 

this field are operatrcTfrom'^tL^f^'^' ^^'tches for reversing 
that reverses tL field of the genemtm The "" 

good deal easier on theTTaffica . ^ ^ 

more or less “give” to it Mfl as the drive has 

load due to excessive draft or T“stee?^h ®^treme 

istics tend to compensate by automaticallv i ^ ^^-^^oter- 

avaiiable and decreasing the speed ^ ncreasing the torque 

pr;cSfadt.ef::S;i„"j“ 

.it. some misapprehensr^i - i" op^a 
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It is of course natural that engine builders will fight the develop¬ 
ment of the electric reversing mill drive as much as possible 
and the following advantages have been claimed by one of the 
prominent engine builders: 

1 First Cost, The first cost of the reversing engine is only 
a small fraction of the aggregate cost of an electric drive (steam 
turbines, generators, converter sets, motors, field controls and 
auxiliaries). 

2. Cost of Operation. The modern reversing engine uses no 
more steam to do the work required than an electrical drive. 

3. Energy Saved During Reversal. In a properly designed 
engine and mill all of the energy required for acceleration 
early in the pass is utilized at the end of the pass; while with 
an electric drive, due to the heavy rotating masses, only part is 
saved. 

4. Low Power Consumption with Partial Load. High economy 
is obtained at partial load because a properly designed engine 
works with cut off. Low pressure control valves prevent all 
racing and speeding. 

5. Greatest Economy of Time. A modern reversing engine 
accelerates in less time than will ever be possible with a motor 
on account of the smallness of the rotating masses of the revers¬ 
ing engine.” 

As these are points that can be directly answered from data 
already available on electrically driven reversing mills in the 
United States, the points are taken up in the order given. 

1. The first cost of an installation does not consist only of 
the cost of the engine- or of the motor driving the mill. In the 
case of steam drive there are a great many items to be considered 
which include boiler plant, coal and ash handling facilities, 
coal storage yards, steam piping, condensing system, water 
supply for the condensing system, and foundations. In the case 
of electric drive in addition to the reversing motor there is 
the flywheel motor-generator set to supply power to it and the 
generating equipment consisting of power house with its com¬ 
plete equipment, or if power is purchased the only items to be 
considered are the motor-generator set, reversing motor and the 
small amount of control apparatus. Many of the items enter¬ 
ing into the cost of the drive depend upon the particular layout 
of the plant. For, instance the whole plant layout might have 
to be modified so as to enable boilers to be located within a 
reasonable distance of the steam consuming engines, and this 
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very often seriously restricts the arrangement of the mills 
an other units. It may cost a very considerable amount 
of money to supply water to the engine condensers, which 
must be used if reasonable economy is desired, whereas in the 
case of generating station it would naturally be located close 

natural location 

1 ast furnaces are installed, as in this case the boilers would 
be c ose to the blast furnaces and the blast furnaces will of course 
e c ose to the dock on which the ore is unloaded, if water trans¬ 
portation is used. In any case the blast furnaces would be located 
close to the water supply which is also desirable for the boilers. 

V ^ of course immaterial from the distribution standpoint 
where the generating equipment is located. This is not so 
with the steam driven plant due to the length of piping and the 
consequent losses. The statement that the first cost the 
reversing engine is only a small fraction of the aggregate cost of 
an electric drive is certainly not correct as will be shown by the 
o owing figures. These figures are based on the actual instal¬ 
lation cost and while some of the items would undoubtedly have 

o e mo 1 ed to suit different locations, these figures give some 
idea of relative costs of the equipments. 


Driving 40-in. Blooming Mill to 
koll bO^OOO Tons of Steel per Month, 24 by 24 to 

8 BY 8 IN. 


1 


Electric drive with purchased power. 

Complete cost of reversing motor, flywheel motor 

FoS'ons! ■ ■ • 


1185,000 

10,000 


Total. 

ElKtric drive with power generated at plant. 

reversing motor, flywheel motor 
Foundations!'^!™ equipment... . 

Proportion of power house cost, 2500 kw. at |50 per 

Transmission and outside wiring. 

Total. 

Steam Drive. . 

Compound reversing engine. 

Poundatfonr^.^’^'®* ’pump's.' ’. ’.!.’.' 

stokers’, 'coal'and ash 
nanalmg plant at ^30 per h.p. 

water tunnel for condenser with discharge 8500 
gallons of water per minute ^ 


1195,000 


1185,000 

10,000 

125,000 

5,000 


1325,000 

1125,000 

25,000 

■ 10,000 

75,000 

15,090 

50,000 


$300,000 
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• 2. The statement that the modem reversing engine uses 
no more steam than the electric drive indicates the lack of knowl¬ 
edge of what the electric drive requires. So that there can be 
no misunderstanding on this point, in Tables I and II arepro- 


TABLE L—STEAM CONSUMPTION OP REVERSING STEAM DRIVEN 
^ BLOOMING MILL 

Pounds of Steam f-ER Ton 


No. 

SiTie 

Elonga¬ 

tions 

Lb. steam 
per ton 

Remarks 

Ingot 

Bloom 

A 

20 by 22 in. 

7 by 6 in. 

9.04 

587 

Cold ingot 

B 

20 “ 22 in. 

7 “ 6 in. 

9.04 

490 

Hot ingot 

C 

20 “ 22 in. 

7 “ 6 in. 

9.04 

497 

Good rolling 

D 

20 “ 22 in. 

7 “ 6 in. 

9.04 

520 

New engineer 

E 

20 “ 22 in. 

7 “ 6 in. 

9.04 

518 

New engineer 

F 

20 “ 22 in. 

7 “ 6 in. 

9.04 

575 

Bad rolling 

G 

20 “ 22 in. 

7i “ 31 in. 

15.1 

767 

New engineer. 

H 

20 “ 22 in. 

7| “ 3iin. 

15.1 

610 

Good manipulation 

I 

20 “ 22 in. 

Ilf “ 3 in. 

10.75 

694 

New engineer 

J 

20 22 in. 

11! “ 3 in. 

10.75 

625 

Good manipulation 

K 

18 32 in. 

23! “ 4^ in. 

5.13 

522 

Good rolling-cold 

L 

18 “ 32 in. 

23! “ in. 

5.13 

423 

Good rolling-hot 

M 

19 “ 46 in. 

36^ “ 4! in. 

4.63 

356 

Bad rolling 

N 

19 “ 46 in. 

36^ “ 4fin. 

4.63 

292 

Good rolling 


TABLE II.—STEAM CONSUMPTION OF REVERSING STEAM DRIVEN 

BLOOMING MILL 


Size 

Number of 
elonga¬ 
tions 

Lb. steam 
per ton 

Lb. steam per ton at 

Ingot 

Bloom 

5-Elong. 

9-Elong. 

20 by 22 in. 

11! by 3 in. 

11.5 

643 

444 

591 

20 “ 22 in. 

7! “ 3iin. 

15.0 

600 

375 

505 

20 “ 22 in. 

7 “ 6 in. 

9.0 

495 

350 

495 

18 “ 32 in. 

23! “ 4-1 in. 

5.0 

420 

420 

.... 

16 “32 in. 

29 “ 5 in. 

3.25 

280 

. . • 

• ■ • ■ 

19 “ 46 in. 

361 “ 4! in. 

4.75 

300 

. . . 

• • • • 

18 “ 32 in. 

23^ “3 in. 

7.5 

410 

256 

* ■ « « 


duced the figures from a paper read before the Engineers Society 
of Western Penna. by Mr. Karl Nibecker giving the results of 
tests on a reversing engine. This engine is one of the most modern 
installed in the United States and comparison between it and 
the electrically driven mill can be justly made. It will be noted 
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that these are tests of single ingots, but Table I shows the results 
of a series of six ingots rolled from the same size bloom from which 
a fair average can be obtained. Table III gives the results of 
tests made upon electrically driven reversing mills which are 
shown graphically in Fig. 5. These figures are not the results 


TABLE III. 

ELECTRICALLY DRIVEN REVERSING MILL. 


Ingot 


18 in. round 
18 by 20 in. 
18 “ 20 in. 
18 “ 20 in. 
17 « 15 in. 
20 “ 20 in. 
20 “ 20 in. 


Bloom 


7| by 7^- in 

3 « 8 in. 
2 “ 16 in 

4 4 in. 

4 4 in. 

5 “ 5 in. 
8 “ 8 in. 


Elongation 

h.p-hr. per ton. 

Remarks 

4.66 

11.4 

High carbon 

12.2 

23 

« « 

9.2 

19.4 

Soft steel 

18.5 

26 


16. 

24 


16. 

25.5 


6.25 

17. 



of tests of individual ingots but are based upon the power con-, 
sumption of a large number of ingots rolled during the regular 
operation of the mill and they do not in any way represent 
figures made under ideal test conditions. The^^ have been 
obtained by reading the watt-hour meter in the line supplying 
power to the reversing mill equipment including all losses and 



Fig. 5 Curve Showing Relations between Input to Electric 
Driven Reversing Mill and Elongation of Steel Rolled 


represent the total power required to drive the mill. Fig 6 

consumptLn of a 5000-kw. turbine, which is 

conditions aFttT ^ ^ under the same steam 

Jtmns as the steam-dnven reversing mill. These steam 

conditions are not altogether ideal for a turbine as a higher 

pressure and superheat might be used, in which case still bwer 
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steam consumption and better thermal efficiencies would be 
obtained. This curve of steam consumption includes the power 
necessary to operate the condenser circulating water pump and 
the air pump. Under normal operating conditions the turbine 
would run at 70 per cent of load and taking the steam consump¬ 
tion at this point, we find that one h.p-hr. can be generated 
for 13.6 lb. of steam. From the power requirement the total 
steam consumption can be calculated and it will be seen that 
this does not amount to more than from 50 per cent to 60 per 
cent of the best engines installed in the United States to date. 

3. The question of saving accelerating energy is one that is 
given a good deal of thought by the engine builders as there is 
no way of storing it in the engine. The characteristics of the 
motor and engine are entirely different. It is true that if a mill 
is operated in an ideal manner the metal will leave the rolls at 
practically zero speed so that all the energy stored in the rotating 



Fig. 6—Steam Consumption of 5000-kw. Turbine, 150 lbs. Steam 

Tressure, 28-in. Vacuum 

parts will have been returned to the mill and usefully consumed. 
Mills, however, are not operated in this way and neither the 
electric drive or the engine drive is operated in an ideal manner. 
Mills are handled by workmen and not by designers, and pro¬ 
duction is the object arrived at. The workmen are not interested 
nor do I believe it is possible to interest them, in the best con¬ 
ditions for obtaining low power consumption. This is a con¬ 
dition that must be reckoned with, and if possible the design 
of the equipment should be such that the power consumption 
cannot be affected materially by unskillful operation. 

Due to the fact that the speed of the reversing motor is 
proportional to the throw of the controller handle and does 
not vary appreciably with the load, ideal conditions can be 
more nearly approached than with a steam engine. In the case 
of steam drive, it is quite common for the engine to race after 
the metal has left the rolls, especially if the draft has been a 
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heavy one, when there may be a large volume of steam in the 
cylinders which is not expanded, and which accelerates the 
engine parts. The engine must then be stopped and eiierg}^ is 
required to do it. Fig. 7 shows the speed curve of a reversing 
engine taken from a recent test. It will be seen that in quite a 
number of cases the engine has raced after the metal leaves the 
rolls. For comparison a similar speed curve is reproduced of 
an electrically driven mill taken from the motor at the plant 



190 ISO -270 160 ISO f HO 100 SO 

SOsfi.'. r.in -showti-siiearing billet 


80 70 60 

TIME IN SECONDS 


40 30 


Pig. 7 Speed Curve of Reversing Engine. (Note: Only Altek- 
iNsTRUMENr) Deflection on Recording 


of the Central Steely Co. In the case of electric drive, the motor 
s s ^ y reversing its function and making it act as a gener- 

^ characteristic of the equipment and enables 

e braking to be done very rapidly and also economicallv, 

flklhTfL ^^turned to the 

aLl S th the resist- 

lost due to tr^"?Th ^^^tever energy might therefore be 
due to the fact that the mill is not operated in an ideal 


Fig. 



8—Speed Curve 


OF Reversing Motor Driving Mill 


pTsf" available for the next 

pass. Ihe whole point, however is of li+fi,. • . 

shows up in the relative power consumotioD f 't 

of drive which after all £ the onlv crif! ™®thods 

better system to use. ^ iterion as to which is the 


jl- Vith electrically driven 
off somewhat as the output 
^vindage and friction losses 


mill the economy of course falls 
IS reduced due to the continuous 

o the flywheel motor-generator 
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set which are independent of the load on the machine. Outside 
of these losses it makes practically no difference whether one or 
30 ingots are rolled per hour as far as the unit power consump¬ 
tion is concerned. In other words, the net power, (leaving out 
the constant losses) per ton of steel is practically independent 
of the quantity rolled. A somewhat similar condition exists 
with the steam engine inasmuch as it has certain constant 
losses due to leakage, piping and auxiliary power. However, 
outside of these losses the steam consumption will not be con¬ 
stant per unit of work done as the expansion conditions vary. 


TABLE IV. 

TIME STUDY OF REVERSING ENGINE 


Pass No. 

Time of 
entering 
pass-sec. 

Manipula¬ 

tion 

1 

0. 


2 

3.5 


3 

9.7 

Turn 

4 

13. 


5 

^ 17.2 


6 

20.8 


7 

27.2 

Turn 

8 

31.8 


9 

37.0 

Turn 

10 

42.0 


11 

50.0 

Turn 

12 

55.0 


13 

62.0 

Turn 

14 

67.7 


15 

75.8 

Turn 

Leaving press 

79.3 



5. The question of the time required for operation is liable 
to be clouded very much by conditions that have nothing what¬ 
ever to do with the time required for rolling the metal. It is 
undoubtedly true that the steam engine can reach certain given 
speeds quicker than the reversing motor. At the same time 
it does not necessarily follow that the reversing engine will 
roll any greater amount of metal than the reversing motor. 
It depends upon many other conditions such as the way the metal 
is handled on the tables, the maximum speed reached, and also 
time lost in the manipulation of the driving unit. Table IV 
shows the results of a time sttidy brought out in a discussion 
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of the paper already referred to. Table V shows the results 
of similar figures taken from the reversing motor on the Central 
Steel Co. plant at Massillon, 0. It will be seen that the time 
of entering the 15th pass in the case of the steam-driven mill 
was 7o.8 seconds from the beginning of rolling and in the case 
of the motor driven mill 59.8 seconds. While it is not claimed 
that these figures show the advantages of one over the other 
s\ stem of drive yet they are sufficient to indicate that in practise 
the reversing motor will operate just as quick, if not quicker 


TABLE v. 

TIME STUDY OP REVERSING MOTOR 


Pass 

No. 


Duration 

of 

pass 


Interval 

after 

pass 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 
1 o 
16 

17 

18 
i9 


1.5 

1.2 

1.7 

1.4 
1.7 

1.7 
2.0 
2.0 

2.5 
2.2 

2.5 

2.6 
2.9 
2.6 

2.8 
3.0 
5.0 
5.0 
6.5 


Time of en 
tering pass 
integrated 


1.7 
5. 
1.6 
1.5 

1.4 

5.5 
1.2 
0.6 
1.4 

3.7 
0.8 
1.2 
2.0 

3.8 
2.0 
4.2 
4.2 
5.0 
2.5 


0 

3.2 

9.4 

12.7 

15.6 

18.8 
26 

29.2 

31.8 

35.7 

41.4 

44.7 

48.5 
53.4 

59.8 

64.6 

71.8 
81 
91 


Rev. per 
min. at 
entrance 
of ingot 


Maximum 
rev. per 
min. 


Rev. per 
min. as ingot 
leaves 
rolls 


15.5 

39 

26.5 

36 

47 

31 * 

12.5 

47 

28 

23 

48 

27.5 

7,8 

44 

20 

23.5 

55 

31 * 

11 

50 

18.5 

23.5 

62 

' 12.5 

15.5 

56 

31 

23.5 

’ 59 

31 

18.5 

55 

14 

23.5 

78 

31 

23.5 

62 

34 

28 

67 

51 ♦ 

7.8 

64 

31 

15.5 

76 

55 ♦ 

23.5 

14: 

31 

23.5 

70 

62 * 

22 

80 

12.5 


* Piece manipulated. __ 

Rolling 18 by 20 in. Ingot to 3 by 8 in. sheet bar blooms. 

able to cootmue SSnTtte be i 

les fatigue thau in the ise of a Z witf 

The de^i-att nf L ^ steam-dnven mill. 

intr reversing motors and the generators sunnlv 

mg them with power nresentt: moao,. 1.1 supply. 

with ordinary direct-current Problems not encountered 

type of mill depends upon the success of this 

operating conditions without ini^^ meeting the severe 

review of the princinal chsraet detenoration, a brief 

pnncipal characteristics may be of interest. 
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There is no other class of service which might be properly 
compared with the requirements of a large reversing mill. The 
heavy torques, the sudden peak loads, and the quick reversals 
all call for apparatus of substantial mechanical design, and 
flexibility in electrical characteristics. The exchange of energy 
between the driving motor and the generator undergoes changes 
at a very rapid rate. In fact, the driving motor must perform 
the functions of a generator as well as that of a motor, and the 
supply generator may at one instant be furnishing current to 
the driving motor, and at the next instant it may be receiving 
electrical energy from the driving motor, and delivering mechan-. 
ical energy to the flywheel. For example, the equipment at 
Bethlehem, which consists of two 600-volt motor armatures 
supplied by two 600-volt generator armatures all connected in 
series, may at one instant show a swing of 10,000 amperes, and 
at the next instant the swing may be of an equal value in the 
opposite direction. There must be rapid adjustments of flux 
conditions in both motors and generators in order to meet these 
reversals without showing harmful sparking at the brushes, and 
as the swings which occur many times a minute represent 
over-loads of 200 to 300 per cent, the design of the direct- 
current machines must be suited to these overloads, both in 
current' carrying capacity and in flux conditions. Especially 
must the machines be designed for good commutation. This 
cannot be obtained at such overloads without making liberal 
allowances for the commutating flux, as the ratio which the 
commutating flux bears to the load must not be disturbed by 
leakage conditions, even at the overloads. This feature is more 
readily obtained by compensating the armature reactance to 
which further reference will be made, and this type of construc¬ 
tion is of greatest importance, to successful results. 

The choice of voltage per commutator and the use of two 
armatures, the commutators of which are connected in series 
for large powers, is deserving of a careful analysis, and this 
voltage should be selected with due consideration of the motor, 
the generator and the auxiliary apparatus. The following 
arguments are to show that, other things equal, it is desirable 
to adopt a relatively high voltage; viz. 600 volts and by series 
connection, alternating a motor with generator, derive all the 
benefits of 1200 volts. 

The electrical equipment of a reversing rolling mill includes 
both the d-c. generator as well as the d-c. motor, and, the gen- 
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roll min tn apparatus except the 

eive^hP TTu ^ as will 

Lcom^! balanced equipments and the choice of voltage 

Lull! ^ Important factor as the design of the entire 

X~3 ^ “ -p- 

miU?common practise in rolling 

Six f be considered. 

low a lnll°'' "capacities, there are many objections to so 

lar?e com may be mentioned heavy currents, 

cosf of STi aiachines. lower efficiencies, increased 

increa-scHmaintenance charges and 
increased mechanical difficulties. 

Dower current becomes a factor when the 

Ld not oa peak loads may reach 15.000 to 20,000 h.p., 

exneX b X f ‘'°''’".®"=*'°as, cables and switching apparatus 
to the currents Th roughly proportional 

inyetsely as the vollagS™””™" 

a *ectTn°aoZfTe“cMm!.^^^^ »f brushes will be 

the <!iVc rtf i-i, rrent and it is desirable to keep down 

IXhalXTSX^"^ of -few 

cosS NSnl f S construction, over-all length and 

struct lilh ^ ‘f^'oct-current machine is so difficult to con- 

Xost cX to receive 

ufacturing points'"! viX'ToX the man- 

Sv tLTT T ‘»ere is seldom 

c«l L *7^“* «”'y 

dhsirable factor* ’ " '®”S*b—iM extremely 

The efficiency of the equipment as a whole will be hiaher 

tions!£!!k ffiidX'Xvdv installa- 

average or mean load. ^ 

iteX condition of the generator is one of the 

voltage !neck?r carefully considered in the selection of 
thP / ’, economies can be effected by operating 

-s?r:t£rt r^- 

™..a.e thau for another, auTwS l^aSrer^ttrJid f“ 



1916] ELECTRICALLY DRIVEN REVERSING MILL 515 

a generator of a given output and voltage. With a view of setting 
forth the relations of kilowatt capacity and speeds, the writer 
has chosen familiar voltages of 125, 250, 600, 1200 and 2500 
volts, and has plotted a curve for each one of these voltages. 
These curves are shown in Fig. 9. There are certain fairly well 
^established relations and limits in direct-current machines, which 
lead to limits of output. However, it is not so much these limits 
that We would direct attention to at the present moment, but 
the relation of possible outputs of different voltages. It will 
be observed that at 600 volts the possible outputs are greater 
than at either 250 volts or 1200 volts. This means that with the 
same degree of safety it is possible to make a larger 600-volt 
generator than a 250-volt or 1200-volt generator, for a given 



Fig. 9—Curve Showing the Limits within Which Direct-Current 

Generators can be Built 

Speed. This relation applies at all speeds. It will be observed 
that the product of kilowatt output and rev. per min. is approx¬ 
imately a constant for a given voltage. This relation is frequently 
lost sight of in considering the possibilities of machines for large 
output, at high speed. The basis on which these curves have 
been made up depends upon setting certain limits. These 
limits are not definitely fixed quantities, as each designer will 
set limits depending upon the experience which he has had with 
various machines. The relation of these limits will in a measure 
determine which curve will be highest, and some of these limits 
are entirely independent of each other. The limits which deter¬ 
mine the possibilities of high-voltage machines are entirely 
different from those which determine the possibilities in low- 
vpltage machines. Curves pould be drawn for all voltages in 
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a similar manner as these have been determined, but the more 
usual voltages are used for the sake of illustration, and they 
serve the purpose of showing the desirability of using a relatively 
high voltage for roll mill motors, such as we are considering. 

As these curves represent limits it is of course understood 
that most machines will fall under them and the extent to which 
a machine falls within the curve will represent in a measure 
the ease with which that machine can be designed. We ’would 
emphasize the fact that the minimum cost for a given rating 
does not necessarily call for the highest possible speed, and the 
present day tendency of going to extreme speeds should, be dis¬ 
couraged. 

From these curves we deduce that 600 volts is a desirable 
selection per commutator for the generators and it is also evident 
that 1200 volts per commutator would be possible. A voltage 



Fig. 10—Commutating Pole Winding 


of 600 per commutator has proven well suited for the motor, 
as a lower voltage would lead to relatively large armature 
diameter. A very much higher voltage would require fe'w poles 
with correspondingly heavy rotors, and either of the conditions 
is undesirable as low inertia effect is important. 

Type of Winding 

To obtain the best operation under heavy peak loads, which 
are subject to very rapid changes, for example, three times normal 
load, reversmg^ at the rate of 30 times a minute, it is not only 
^suable, but it is necessary to neutralize to the fullest extent 
tte distorting efEects of the currents in the armature winding, 
i he method of obtaming this result is to slot the pole face, and 

^ winding which is connected in series 
. ® armature, and making a number of conductors in the 
pole face just sufficient to neutralize the armature conductors 
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covered by the pole face. The excess winding necessary to 
produce a commutating flux is concentrated on the commutating 
poles, located midway between the main poles. The difference 
between the compensating winding and the interpole winding 
is illustrated in Figs. 10 and 11, which show the same number 
conductors in both cases, but the conductors are shifted in 
position. In the plain commutating-pole machine, having all 
the commutating winding located on the commutating pole, 
the conductors are as shown in Fig. 10, whereas in the compen¬ 
sating pole machine, which has part of the compensating wind¬ 
ing located in the main pole face and the balance located on the 
commutating pole, the conductors are as shown in Fig. 11. By 
locating in the pole face the ampere conductors which neutralize 
the armature reaction under the pole face, the distortion of the 
flux at the main pole face is prevented. This has a beneficial 



Fig. 11 Commutating Pole and Compensating Winding 

effect in two ways. First, it prevents under sudden changes of 
load, a sweeping across the pole face of the main flux under the 
pole, and it prevents a distortion of the main flux which is 
a very important consideration, as this lowers the max¬ 
imum voltage between adjacent commutator bars, which would 
otherwise obtain. As it is the maximum voltage between com¬ 
mutator bars, rather than the average voltage, which determines 
the design, the importance of this type of construction becomes 
evident for this class of service. Another very important con¬ 
sideration in this arrangement of the compensating winding is 
that the leakage from the commutating. pole is very much less 
than would be the case if all of the windings were concentrated 
on the interpole. This fact permits the carrying of heavier 
overloads, and it is the overload capacity which determines to 
a great extent the suitability of machines for this class of service. 
It is evident that the leakage is very much reduced, when one 



518 


SYKES AND HALL: 


[June 27 


considers that the leakage is mainly between the main pole 
tip and the interpole, and that the magnetomotive force pro¬ 
ducing this leakage is made very much less by locating a large 
proportion of the ampere conductors in the main pole face. 

This construction permits the operation of the machines 
through a wide range of voltage; in other words, the stability 
of the main flux is insured without regard to the strength of the 
main field winding. This is an important factor in the general 
scheme of control, as the speed of the motor and the direction of 
rotation of the motor depend upon the generator voltage and 
Upon the field strength of the motor. These two factors must be 
susceptible to rapid changes and wide variations in order to 
effect the desired result. 


In referring to the -relative merits of commutating pole 
machines, versus machines-with compensating winding, for this 
class of ser\dce, attention may be called to the fact that compen¬ 
sating windings are difficult of construction, in machines having 
Yery large current, as there is a limit to the desirable physical 
dimensions of a single pole face conductor. With heavy current 
machines, a suitable arrangement of compensating conductors 
is often quite a problem in a specific design. The most desir¬ 
able arrangement is to have all compensating conductors con¬ 
nected in series, and the possibility of such an arrangement is 
limited by the capacity and voltage of the machine, and here 
again there is a decided advantage in not having the voltage too 
ov for large power capacities. For example, a single conductor 
having a cross section of more than two sq. in., is seldom used 
m the pole face winding. Assuming a current density of 1500 
amperes, a single conductor, with all conductors in series, can 
^ ^ ^ 3000.ampere machine, which, at 600 volts, represents 

an 1800-kw. capacity. For larger current capacities, it is nec- 
, ® ^o^iiect the conductors in parallel, and frequently 

exerSeS'^" Tu 'u great care must be 

• * ■ + ■ building of the machines so as to have good 

joints, in order to insure the proper division of the current. 

speaking, the compensating winding of large capacity 

and s^nirn ^ ^conductors^ 
than arl ’ mechanical arrangements can be effected 

deSable to det Z machines. It is also 

tatin- nole winHi' winding and the commu- 

oa. ia^rbe tlmpLVLtT “I,”' 

> c accompiisued as it is possible to calculate very 
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closely the required ampere conductors, for compensating the 
armature reaction and furnishing the necessary excitation for 
the commutating pole. By avoiding shunts, one is insured of 
the simultaneous change of current in the compensating winding 

and the armature winding. 

« 

Field Windings 

The type of field winding used on roll mill machines should 
be very simple, and such as not to be easily damaged. If a 
low voltage is used for excitation of the d-c. generator and d-c. 
motor field coils, these coils can be made of copper strap winding 
with a layer of asbestos between turns, and the bare edges 
exposed to the air. Such coils are almost indestructible by heat. 
Strap wound field coils arranged in two or more concentric 
sections insure a natural and easy ventilation. 

Insulation 

As this type of machinery is exposed to mill dust, and as this 
dust is likely to contain a large percentage of conducting material 
it is advisable in the design^.to embody more liberal creepage 
distances than are necessary for ordinary service. In order to 
combat, to a certain extent, the bad effects of dust, the armatures 
may be given a finish by rolling them in varnish and baking 
them. This produces an insulating film over all parts, and fills 
all the pores and small crevices in the insulation, and insures 
a slick finish which will shed the dust. 
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Discussion on '^Electric Drive for Reversing Rolling 
Mills” (Wilfred Sykes and David Hall), Cleveland, 

Ohio, June 27, 1916. 


K. A. Pauly: There are several point§ in connection with this 
paper by Messrs. Sykes and Hall to which I wish to refer in dis¬ 
cussion. One of the first points which is worthy of attention is 
that of the rating given these motors: namely, a horse power 
corresponding to the maximum torque which they will carry 
without anv mention of the time during which they will carry 
the load. All will agree that a rating on this basis is not only 
contrary to the recommendations of the A. I. E. E., but is very 
unsafe for the purchaser on which to base the relative capacities 
of competitive equipments for any class of service. That the 
idea of so rating these motors is a new one will become apparent 
to any one examining the publications of the company with 
which the authors are connected. The early publications showed, 
for example, 3000 h.p. as the capacity for the motors of the wSteel 
Company of Canada now rated at 10,000 h.p. On this same 
basis, any one of the 6000-h.p. motors at the Gary Works of the 
Illinois Steel Company might be rated at 20,000 h.p. 

As to the relative merits of the electrically driven reversing 
mill and its steam competitor, it is difficult to discuss a question 
of this magnitude in generalities, because there are so many 
factors affecting the problem, which are more or less important, 
depending upon the special conditions obtaining in individual 
cases. However, the characteristics of motors are in most of 


the essential details especially adapted to rolling mill conditions. 
They permit of the centralization of the steam plant and the 
generation of power in high speed, highly efficient units. The 
authors have made the mistake frequently found in comparing 
estimates of the relative operating costs of steam versus other 
methods of drive. Why stop with the steam consumption, when 
greatest savings results from the increased boiler 
efficiency due to the more uniform demand for steam made pOvS- 
sible by the use of the fly-wheel motor-generator set equalizing 

u mill. Tests would indicate 

that boiler efficiencies may be raised twenty per cent or more 

b> relieving the boiler of these excessive demands for steam 
required by reversing engines. 

• indicates that a comparison on the proper basis 

chargeable against each 
S show little if anjdhing in, general in favor 

equipment in &st cost, and will always show the elec- 

Ind operating costs. The speed 

and torque characteristics of the motors are ideal, there are no 

rolls and^thp°m^t Voc^^ive speeds when the piece leaves the 

effirt wheJ thl “ a position to exert its maximum 

enort wnen the maximum power is reouired 

The figures and curves of power consumed in rolling given by 
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vhe authors, check within reasonable margin of the experience 
of the writer. 

In considering the requirements of reversing rolling mill 
motors, it is interesting to note the similarity between the factors 
affecting their electrical design and those for a mine hoist. Both 
are required to accelerate rapidly, and to carry very heavy dead 
loads, during acceleration. In fact, in these respects the require¬ 
ments of a mine hoist motor are frequently more severe than for 
the reversing mill motor. The roll motor is required to accelerate 
but little in addition to its own armature, and usually reversal 
and acceleration to partial speed are accomplished without any 
dead load, although the equipment should have sufficient capacity 
to accelerate rapidly with the piece in the rolls. On the other hand, 
the hoist motor must accelerate in addition to its armature the 
drums, ropes, cages and load which may be equivalent to several 
times the armature, and must always handle full load throughout 
the acceleration. It is true that the time allowed for accelerating 
a mine hoist motor is more than that allowed for the reversing 
mill motor, but the increased time is not proportional to the 
increased load to be accelerated, so that frequently from the 
standpoint of peak loads, the requirements for the mine hoist 
motor are more severe than those for the reversing mill motor. 

The shocks to which a reversing mill motor is subjected are, 
of course, more severe, and very much more so than those to 
which a mine hoist motor is subjected, but are the same as those 
to which the ordinary non-reversing steel mill motor is called 
upon to meet, so that the reversing mill motor becomes essen¬ 
tially a direct-current motor capable of withstanding the peak 
loads met with in mine hoist service, constructed mechanically 
to withstand the shock and vibrations incident to rolling with 
the windings held firmly to prevent injury from the mechanical 
and electrical shocks. 

The all important question is production, and in my experience 
the steam advocate has made a greater point of the speed of the 
steam mill as compared with the electric mill than he has on the 
questions of economy or first cost, although many have claimed 
these advantages also, and the present electrically driven mills 
are referred to by him as being slow due to the time required to 
accelerate. In this extremely important detail, the characteristics 
of the reversing rolling mill motor differ from those of the mine 
hoist motor apart from the effect of the time of reversal on the 
peak current taken by the motor. It is well known that time is 
required to build up and discharge a magnetic field: the rate 
being dependent upon the time-constant of the field winding. 

The importance of this is suggested by the author, but appar¬ 
ently in the equipment thus far installed every reasonable means 
has not been resorted to, to bring about a rapid change of field and 
resulting rapid acceleration and retardation. The accumulative 
compound windings on the motors tend to increase the time of 
rolling by lowering the rate of acceleration and decreasing the 
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time of retardation. This compounding is not necessary to pro¬ 
tect the mill any more than it is necessary to protect non¬ 
reversing mills driven by direct-current or alternating-current 
motors, many of which are driven by motors without this pro¬ 
vision or its equivalent. The compounding, of course, relieves 
the motor and generator from electrical shocks sufficiently to 
permit the use of slightly smaller equipment, but this saving is 
made at the expense of output from the mill. In the equipments' 
we are now building for this work, we will not only take advan¬ 
tage of the shorter time required for accelerating and retarding the 
shunt motor to reduce to a minimum the time required for rolling, 
but are using in addition a special system of control, which will be 
described later in a paper. This takes advantage of the actual 
characteristics of the rise and fall of the magnetic field to produce a 
maximum rate of acceleration and retardation of the roll motor, 
thereby obtaining a faster operating reversing mill than any thus 
far built. 

One of the most important details in the construction of a 
reversing mill equipment is the motor shaft, and in many in¬ 
stances this detail has been rather slighted. It is true that these 
shafts are protected by breaking spindles, but it must be borne 
in mind that the breaking of a spindle must in no way endanger 
the shaft. A moment’s consideration will convince anyonethatthe 
motor shaft should be at least one-third larger in diameter to 
even protect it against injury from a strain sufficiently great to 
break the breaking spindle; even then there will be little or no 
factor of safety in the shaft, in spite of the difference in material 
used for shafting and spindles. In addition to this, the shaft is 
requently subjected to extremely severe bending moments in 
the event of the breaking of a spindle on the diagonal. It has 
' practise to recommend shafts much stronger than those 

installed and I cannot but feel that eventually serious delays 
are bound to result from unnecessary weaknesses in this feature. 

is too elementary to warrant 
^* 4 - importance seems to have been 

jYiUi rnntnrc ^ f Ti Practically all of the reversing 

first one, have been designed 
mZr volts,and wheremore than one 

ine in a <^°ii’^ected in series, result- 

hL fs hi T combination from 1000 to 1500 volts. 

to use as hio-h larger powers, it is essential 

and reasonable is consistent with reliable operation 

hio-her voltao-es fnr th ’ ’ ^^*1 safe in predicting 

I 1 .^ experience has been 

?he oleiiof^r^'"? ^i^^^t-<=^n-ent units rf laS caiSy' 

also ancleS ““^P^^sated and commutating, is 

mutation. special means tor improving com- 

bu£? brought out in Sykes' and Hall’s 
. am,, engine builders claims is very interesting, and 
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I would like to point out a few results obtained on the Steel Com¬ 
pany of Canada’s mill referred to in their paper. 

This mill has been operating since the early part of 1913 with 
very good results, and the experience gained brings out some 
very interesting answers to the five general questions raised by 
the steam men in favor of steam rather than electric drive. In 
,the tables herewith, are complete costs covering this installation, 
and operating costs for the three years 1913 to 1915, and an 
average for the same period. 

As the Hamilton Mill purchases power, I cannot give any 
•comment on the relative costs of steam and electrical drive. 
However, in Table I is given a comparison showing the operating 
costs, interest on investment, depreciation and miscellaneous 
charges covering this particular installation. This shows an aver¬ 
age total cost for the three years of only 43.1 cents per ton. This 
figure includes a depreciation charge which considers the instal¬ 
lation as valueless at the end of a 20-year period, and a miscel¬ 
laneous charge which includes all power for lighting, tables, crane, 
conveyor, pumps, motors, etc., used in this mill. The largest 
item, power cost, is exact, as it is metered, and the other 
items are charges made direct with no estimating, the result 
being that the total is an exact cost without any estimation what¬ 
ever, in arriving at the results. These are the actual book 
figures. 

TABLE No. 1. 


Year 

1913 

1914 

1915 

Average 
or total 

Per cent 

Operating. 

Tonnage,.. 

9 months 
119.230 

8 months 
92,622 

12 mo. 
174,460 

386,312 


Kw-hr, per ton,. 

23.9 

22.8 

21.5 

23.4 


Power cost,. 

$.0160 

$0,153 

$.0144 

$0,157 

36.40 

Repairs and maintenance, . . 

0.077 

0.009 

0.004 

0.006 

1.40 

Miscellaneous supplies. 

0.004 

0.005 

0.003 

0.004 

0.90 

Labor in operation. 

0.014 

0.016 

0.013 

0.014 

3.25 

Total operating cost. 

0.185 

0.183 

0.164 

0.181 


Interest on investment. 

($156,000) 

0.078 

0.101 

0.054 

0.73 

16.90 

Depreciation (20 years)..... 

0.065 

0.084 

0.045 

0.060 

13.95 

Total operating and fixed 
costs... 

0.328 

0.368 

0.263 

0.314 


Miscellaneous. 

0.126 

0.133 

0.115 

0.117 

27.20 

Total cost . 

0.454 

0.501 

0.378 

0.431 

100.00 


The question of energy saved during reversal is a very inter¬ 
esting subject in connection with a paper of this kind. How many 
rollers on reversing mills in this country are paid straight time? 
How many are paid tonnage rates? The answer is that practi¬ 
cally every mill is paying tonnage rates, with the result that 
speed is the sole question in the operators’ mind. Furthermore 
this speed is obtained by using live steam to reverse the engine 
rapidly. In a motor-driven mill a certain per cent of the stored 
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energy in the rotating parts is saved by regeneration, and is 
stored in the flywheel for future use, regardless of operating con¬ 
ditions. The one great advantage in answer to question 4 of 
low power consumption with partial load is that the motor- 
generator set can be^ disconnected from the line when the mill 
is idle, thereby entailing no stand-by losses, such as are met with 
in steam installation. 

The time taken for the Hamilton motor to reverse is still 
ahead of the handling of the metal on the tables, manipulation, 
screw-down, etc. That is, the motor is waiting on the mill. 
Since the figures given by Sykes and Hall on this mill were taken, • 
we have developed a new governing relay which has given us 
considerably more positive protection and allowed more speed 
and, therefore, capacity. We have obtained a speed of 125 rev. 
per min. on our long passes which when rolling from sixteen to 
seventeen elongations, saves considerable time. 

The advantage, of an electric mill rasiy be summed up as follows: 

1. Low cost of power. 

2. Low cost for repairs and maintenance. 

3. Small time to get under way from complete shut-down to 
rolling conditions. 

4. Speed proportional to displacement of controller lever from 
on position. 

wor'k^^^^ ^rotative energy of mill parts recoverable for useful 

6. Stand-by losses nil. 

7. Simplicity of control. 

8. Pew delays necessary. 

9. Motor does not race when steel leaves rolls. 

10. Constant turning moment. 

11. Heal load to add to any generating station. 

H. Lends itself to centralization of power. 

^^T^phfied mill lay-out. 

14. Mill breakages less. 

H- &nall area or ground space needed. 

40 fee^t bv°12Fw equipment described was 

waT A SLh 3l being cramped in anv 

proximity to the mill mnfnt- a • located in close 

extreme conditions whereVe’rv littltC^^ adapting a mill under 
the flywheel set could easilvCl^w^ space was available, 

where more area could be Sbtainld ^nce away 

on some mills located in T® I’aal estate charges 

considered and in cmnnQT-' y settled communities must be 

for boilers,’coal handling area necessary 

the result is good. “ machinery, steam engines, pumps, etc. 

41“ 4 t”o tne “y- 

enaants to have the entire equipment ready for 
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maximum rolling conditions is less than ten minutes. It is 
doubtful whether a steam boiler equipment could be gotten 
under way from absolute standstill to running conditions in less 
than four hours. The simplicity of the control as compared to 
the levers, links and auxiliary cylinders necessary for the steam 
engine is very noticeable. The entire control wiring between 
^pulpit and power house is contained in a one-inch con¬ 
duit. All parts of the control are entirely accessible, and any 
part needing repairs can be changed in a very few minutes. 
Repairs have been exceptionally low, the largest item being the 
brush renewal. Delays in the last three years due to this equip¬ 
ment exclusive of the development period, have not amounted to 
twent 3 ^-four hours, and this period was taken up at various times 
more to be doubly sure that the equipment was in good order 
rather than take any chance. 

When the mill is idle, the flywheel set can be disconnected from 
the line and allowed to rotate, which means that there is absolutely 
no loss as compared to steam equipment having to keep the boilers 
under steam, the steam-line condensation, small leaks, etc. When 
the steel leaves the roll, there is no racing, as would be the case in 
the steam engine run by the average operator, the motor main¬ 
taining uniform speed, corresponding to the displacement of the 
control lever from off position. Such complete control of the 
speed of the mill is ideal when steel is entering and leaving 
the rolls, as there is no change of speed unless the operator 
so wishes. The motor exerts a constant turning moment in all 
positions, whereas the steam engine has its maximums and zeros, 
every revolution. The saving due to the return of the rotative 
energy of the mill parts to the flywheel gives a means of saving 
power which is normally lost in steam-driven mills. If 60 per 
cent of the rotative energy of the mill motor is returned to the 
flywheel, 60 per cent of this, namely, 36 per cent of the whole, 
is available again on the mill shaft for active work. 

To any plant, whether purchasing power from central station 
or receiving power from their own power house, the Ilgner system 
adds an ideal load due to the fact that it is a fairly constant 
load. If the mill is run to capacity, the power variations will 
be very slight. The central station load applies in the same way 
and lends itself, where power is being purchased on a peak basis, 
to a very low rate, For a large power plant, the increased load 
does not amount to very much. Taking as an example of this 
the Hamilton mill: A 1200-kw. generator capacity would easily 
take care of the load. Where mills are located at various points 
in the plant, which, from a steam power point of view is in¬ 
efficient, the Unger system eliminates such inefficiency by central¬ 
ization. 

The exceptionally low cost of power is probably the most 
striking feature of this system, the figures shown being actual 
figures in no way having been adjusted for cost-keeping purposes. 
The simplicity of the mill lay-out is another feature which must 
be considered. 
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D. M. Petty: I have in mind one or two points I think it 

• * *11 — _ in comparing electrical and steam re¬ 

versing mills. One of the most important points is the flexibility 
01 lay-out. Steam engines, in order to reduce condensation 
osses, must be near the boiler plant, and while it is possible to 
locate reversing drives at any position that may be necessary, 

1 that mills in recent years are being much more frequently 

ai out with the idea of reducing the distance that the steel has 
actually to travel from the soaking pit to the finished product, 
whatever that may be, is of considerable importance. 

oKi reversing mill motors I think are prob- 

vKTifh ^ ^^^t important of electrical problems, because 
with the reversing mill d-c. drive the commutator is naturally 

IrnJtZ T. experienced, and most 

b?t trouble is not only electrical 

I ^ good many respects. The number of brush es 

the ^ maintenance charges, 

mechanical trouWes wSTmay arise.^ 

arf concerned, they 

run1;he miT ^7 the speed at which it is desired to 

motor-eeneJatir speed of the generators attached to the 

to say fn rSrd to 7 ^ P^®tty safe 

lower the sneed motors and generators that the 

thropemtion a;d tli’^ ^^^^onable limits, the more satisfactory 
tS soPpTof ^ ^ 77®’' operating charges. 

taken into clinsideratTon but ^^’’^“P^ffized. This should be 

will have no trouble meking the reSreme7?s®"^7t 
important to insuro 7 requirements. It is far more 

reversal. Size of bearings^ method ^on°h obtain rapid 

and holding of field cnil^ 7 ^^^ricatipn, size of shaft 

hea\^ shocks are points that “7 against 

made by Mr. Hall that toefirat correct, first, the statement 
The firs\ reversal St SasS Gary. 

Chicago. Itwasa%ervImans7^ af’Tvf.^®®®’“^®T at 
of a much larger dzl PffSv® ’ ^'P-, and the next set 

I think thPpP Pe same place. 

the electrical characterktics o^thLS™^ ^^® ^^®stion of 

ot my observation and mv aSS ^'^’f^P^^nts. As the result 

°Po^^ting one of these sets it ?a 77^^ years in 

should lay more emphasis on tha rv7 9P^“on that the designers 

the time of reversal- for examnlf 7^77 than on 

to prevent oscillations etc Sd P of the shaft, 

put off as far as poiible the tfmf S bearings, to 

renewed. Possmie the time when the bearings must be 

'W hen the first set was purchased I'n'+n- 

reversal was a subject which was riven7?'® country, the time of 

men was given very careful consideration. 
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I think that the time of reversal was specified as three seconds. 
As a matter of fact, there are practically no mills,—there might 
be one or two small mills—that can use a reversal of three seconds, 
that is from full speed in one direction to full speed in the other. 

Much has been made out of the rapidity of reversal of the 
steam engine—true, it does reverse very rapidly, but any one who 
has watched a blooming mill operate will be impressed with the 
•fact that the reversal is fast, but the time consumed from the 
moment the steel enters the rolls and the rolls grip the piece, 
and the engine is started up again, is from one to five seconds, 
and it is a fallacy to put too much stress on the question of the 
time of reversal when such rapid reversals cannot be used. The 
piece has to be manipulated, the screw-down operated, etc. 
The time required for such operations determines the time re¬ 
quired for motor reversal. 

Any one about to purchase an outfit always has the question 
of the relative merits of the reversing drive versus the continuous 
rotation mill, to decide. Efficiencies that may be guaranteed at 
full load, to me are more or less valueless. What may be called 
the capacity factor, the average yearly input to the capacity of 
the outfit, is very low, indeed. I think in continuous rotation 
mills it will be found that this capacity factor will vary from 15 
to 40 per cent and in the reversing mills from 30 to 70 per cent. 
Figures I have taken show, in a reversing mill operating for twenty- 
four hours on the basis of the input to the motor of the motor- 
generator set, divided by the full kw. rating of that motor, that 
60 per cent is extremely rare. On that basis, it appears to me 
that we ought not to spend too much time in attempting to get the 
last bit of efficiency, but rather get reliability physically, so that 
when the demands for the mill are increased in times of high 
pressure and high prices, the outfit will then respond. 

H. B. James: I think that we all appreciate that the de¬ 
velopment of the electrically driven reversing mill is another 
opportunity to “do it electrically.” We all of us believe in elec¬ 
tric power, many of us believe in central station power. The 
use of the electric rolling mill has enabled us to occupy another 
field with our motor applications. 

We have learned a great deal in the past ten years about this 
reversing drive, and I want to emphasize Mr. Tschentscher’s 
remarks that the time of reversal is not the main essential. It 
was my privilege to assist in developing the drive of which Mr. 
Tschentscher spoke, and I wish to add that, he himself,_ did a 
great deal to make that drive a success. We started out with the 
idea that time was one of the most important points, and we 
ended with other ideas. The tendency now seems to be towards 
a little more time, and a little more substantial mechanical con¬ 
struction. 

F. G. Liljenroth: Having been very closely connected with 
the European practise of reversing rolling mills during the past 
ten years, it is with the greatest interest that I have read the 
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United Statee. the „os. ne.iceabStaiTfagSi"^®' 

Reversible Motor 

It seems to be the general practise in the United qf=,fh.o + 
divide the motor, especiallv the Inro-oa- e.; • otates to 

the same shaft, while the Euronean^rt * 

the leading electrical manufactimhi a e l®ast as far as 

to build the motor as a sinvle* concerned, is 

capacities. So, fS SamS^'th^re^ 

several reversible motors of the^me size* thlt found m Europe 

torque as the Bethlehem dtPAi m 4 - with the sarae 

unite, and an i IW tt™ Kfw* 

built which has a maximuin tcram S ‘ T ““S'®-™* motor 
ft-lb. torque ot 240 meter-tons—1,750,000 

first cost and*better^effidlicy ^besides uf evident; lower 
to deal with only ont^o'SnSS^Jffcfn^TT.^"^ 
weakest in a direct-current machine q v always the 

need not be larger than each of th ‘ ® ^ ® commutator 

motor, inasmuch L the - V ^tors of a two-unit 

1000 to 1500 Tolts and consem .n ^0“ 

at 2 X 600 volts. Thie see3fo*l^ current is the same as 

a single-unit motor instead of two It is°truTthir*^^® “ 
the higher operating voltage the noteh^'o^ k ^ ^ account of 
edges (or rather the voltatm whiei?^* ^®fvieen the brush 
brush edges on account of the q VT-ould appear between the 
compensated for by the commnt^t*^^^ reaction, if this was not 

the machine were divided int!?^ tS!“^ ^ ^'f 

lanninins the ratio rftfe umectly dc 

commutator pitch, etc., it is possiblellflL.t ‘*'® 

maximum peak load to less tLrf 91 n ^ ^ potential at 

potential, that is, at 1200 volts te""i P®^ of the operating 
allowed even according to American^^^^ which is 

Lamme in his very excelientTT ^ by Mr. 

Commutation of Direct-Current Machines^^^B dealing with the 
just as nere in the United States ntB s^re, of course, 

to completely compensate for the^nSentiJf K 
edges under all conditions of loaH between the brush 

are always equipped with comneTisa^°^ example, these motors 
commutating poles, the winding^ ^ winding, as well as 
close as possible to the armature as 

field of the commutatino- Dole to tB ^ i ° ff^e leakage 

Furthermore, the commutati noles^® ^alul 

same axial length as the amatme In 

at rapid load fluctuations between tBn fo avoid a time lag 
commutating field, it has been and the 

mutating poles of laminated iron TB make the com- 

-dc ycry,„*e, at.easfotSSi, wS p^ot 
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is usually about 3/16 in. The armature winding is furthermore 

provided with numerous equalizing connections^ at least one for 
each slot. 

With the above design it has been found that the motors will 
operate absolutely sparkless, even for the highest peak loads and 
in watching the commutators of several such machines, they 
have operated so perfectly that it was impossible to determine 
whether they carried a load or not. This applied even to peak 
loads where the non-compensated potential between the brush 
edges would have been approximately 40 volts. The average 
voltage between the two commutator bars, that is, the operating 
voltage divided by the number of commutator bars between two 
brush positions does not, for such machines, exceed 20 volts which 
must be considered a conservative value. 

o 

Generators 

It is the general European practise to use two generators of 
from 500 to 750 volts (usually 600 volts) connected in series and 
consequently the same practise as in the United States. For 
the newest installations the speed is, however, considerably 
higher than was the case some years ago, and which still seems 
to be maintained in the United States. But this, only re¬ 
fers to the modern installations which were completed shortly 
before and after the beginning of the war. Sufficient time has 
elapsed since these motor-generator sets were installed and the 
results obtained have clearly demonstrated that such speeds are 
entirely satisfactory and safe, and, as far as Europe is concerned, 
they have caused a revolution in the design of such machines. 
The first cost is considerably lower, while the space required is 
also much lower and the efficiency higher. Comparing such a 
flywheel motor-generator set with the older designs, one is im¬ 
mediately astonished by its small dimensions. The Bethlehem 
Steel set could have had a speed of at least 514 instead of 375 
revolutions, that is, at 60 cycles the induction motor should have 
had 14 poles. 

With the higher speed the motor generator can be built 
much smaller and this particularly refers to the flywheel. For 
a certain WR- it is evident that the mass of the wheel and 
consequently also its weight can be the same, independent 
of ^ what speed is chosen, if only the peripheral speed is main¬ 
tained constant. In most cases, however, the diameter of the 
flywheel is limited by shipping facilities to about 4 meters—13 
ft. and the peripheral speed by the permissible stresses at maxi¬ 
mum runaway speed, this usually being taken as 25 per cent 
above normal speed. The stresses should in no part in the wheel 
at its runaway speed be permitted to exceed 10kg. per sq. mm. 
or about 14,000 lb. per sq. in, which values at normal speed 
would correspond to about 9000 lb. These values are, as seen, 
very low and conservative, and it is not necessary to use any 
especially expensive material in the wheel, but only ordinary 
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cast steel with an elasticity of 40,000 and an ultimate strength 
of approximately 70,000. Regardless of these low stresses, it is 
possible, by using a suitable design of flywheel, to go to a pe¬ 
ripheral speed of as high as430feet per second and still not exceed 
a stress of 14,000 lb. per sq. in. at runaway speed. From the 
above it follows that the lowest speed which should ever be used 
for such a flywheel should be: 


430 X 0.8 X 60 
13 X TT 


500 rev. per. min. 


The largest generator which can be built at this speed has a 
maximum load, that is, peak load, of about 4300 kw., this being 
under the assumption that the peripheral speed of the armature 
is not to exceed 150 feet per second and the average voltage 
between the two commutator bars not to exceed 20 volts and 
that at peak load, amperes X armature conductors per cm. 
circumference is about 800. 

The Bethlehem motor requires approximately 8500 kw. 
and it follows, therefore, that its motor generator could readily 
have been built for 500 revolutions with two series connected 
generators each for 600 volts. The weight of the flywheel could 


( 375 

j or to approximately 

one-half and the flywheel effect would still have been retained. 
This is under assumption, that the diameter of the Bethlehem 
flywheel is about 13 feet. It is possible, however, that there 
are other reasons for using the low speed and it would be in¬ 
teresting to obtain information in regard to: 

1. The largest permissible diameter of the flywheel limited by 
transportation facilities. 

2. The percentage of runaw^'ay speeds which are usually 
specified. 

3. The corresponding permissible stresses in the flywheel as 
well as the properties and the material which is used. 

4. The corresponding peripheral speed whose relation to the 
stresses is dependent on the design of the flywheel. 


Excitation 

As far as the excitation is concerned, the European practise 
compnses^ what is known as the “indirect” regulation, that is, 

inscrted in the generator or 
ticpri ^ ^ fields of the exciters. The exciters are 

nf generators and one for the motor, the voltage 

^ regulated. The exciters are, therefore, in 
be vATn-r ^ third exciter which consequently can 

normally as a shunt generator with con- 

smaU Lduction “^chines are driven by a common 

The advantages of this scheme are; smallw equipment, 
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lower first cost and especially greater reliability as far as the 
rx^ost^s and controllers are concerned, in that the currents 
which have to be handled are only from one to two per cent of 
what would be the case if the “direct” excitation were used, 
p or rolling^ mill service it is evident that the control equipments 
have to withstand very severe service both electrically as well 
• inechanically on^ account of the rapid breaking of compara¬ 
tively large magnetic energies and also due to the fact that they 
are in almost continuous service. The advantages of smaller 
equipments which are obtained by the smaller apparatus used 

excitation are, therefore, obvious. The excitation 
will be just as rapid as by the direct method, on account of the 
fact that the magnetic energy stored in the small exciter fields is 
negligible compared to the large machines. 

The compounding is usually made in the way that the main 
jmles of the generators have an opposing series winding which 
therefore does not have to be reversed. Against this practise it 

that an assisting compound winding on the motor 
would be better, inasmuch as the torque will be increased by 
strengthening the field. This, however, is more or less an im¬ 
aginary advantage, as for machines of this kind the saturation 
curve at normal speed is so fiat that a large increase in the field 

current creates a very small or almost no strengthening of the 
field. 

Concerning the safety devices and the arrangement of the 
automatic load regulation, etc., the European practise involves 
several quite interesting departures from the practise • in the • 

United States, but space does not permit of further discussion 
of this subject. 

Brent Wiley: It would be well to consider the blooming mill 
equipment from the standpoint of the entire mill drive, as practi¬ 
cally every steel plant is composed of finishing or semi-finishing 
mills, as well as blooming mills. 

During the last eleven years more than three hundred large 
motor units, totalling over 500,000 h.p., have been installed to 
drive the main rolls of steel mills. 

The following list gives the electrically driven reversing bloom¬ 
ing mills installed, and on order in the United States and Canada. 
The majority of the equipments have been purchased during 
the last few years. 


34 in. 

34 in. 

35 in. 
35 in. 
40 in. 
32 in. 
40 in. 
40 in. 

34 in. 

35 in. 
34 in. 
34 in. 


Blooming Mill 

U (( 


It 

u 

u 

u 

u 

a 

u 

u 

It 

a 

it 

it 


Installed 

Algoma Steel Co. SaultSte. Marie, Can. 1911 


it 


ti 


-Steel Co. of Canada, Hamilton, Ont. 
-Central Steel Co., Massillon, Ohio. 
-Bethlehem Steel Co. Bethlehem, Pa. 
-United Steel Co., Canton, Ohio, 
-Inland Steel Co., Indiana Harbor, 
-Inland Steel Co., Indiana Harbor, 
-Illinios Steel Co., Gary, Ind. 
-National Tube Co., Lorain, Ohio 
"Chattanooga Steel Co., Chattanooga 
-Mark Mfg. Co., Indiana Harbor, 
-Ashland 1. & M. Co., Ashland, Ky. 
-Keystone Steel & Wire, Peoria, Ill. 


1913 

1914 

1915 

On order. 
u a 

a a 

(( u 

it tt 


ti 

ti 

u 


ti 

it 

tt 
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REVERSING MOTOR EQUIPMENTS—FOR OTHER TYPES OF 

MILLS. 

Install ed 

30 in. Universal Plate Mill Ill. Steel Co., S. Chicago, 1908 

Plate Mill— Am. Sheet & T.P. Co., Gary, Ind. 1910 

« — ditto 1910 

28 in. Structural Mill—Inland Steel Co., Indiana Harbor, On Order 
27 in. Universal Plate Mill Mark Mfg. Co., Indiana Harbor 

The principal object of the earlier installations was to utilize 
cheap power and the incidental advantages possible were not 
taken into account. Experience has demonstrated that motor 
drive has many favorable features which are of economic value 
in not only the every day operation of the mill, but assist most 
materially in the development of the method of operation. 

Motor drive gives the greatest latitude regarding the arrange¬ 
ment and design of mill and of the entire plant. Motors can be 
designed with either high, intermediate or low speed, and with a 
wide variation^ in maximum or pull-out torque. Adjustable 
speed niotors give a wide range of operating speeds, with very 
economical operation of mill, either for constant torque or con¬ 
stant horse-power requirements. The regulation of the alterna¬ 
ting-current motor is very close, even under a wide range of load, 
varying only abcmt two and one-half per cent from light to full 
oa . It is capable of standing heavy overloads frequently for 
comparatively long periods, without undue strain or deteriora- 
1 ^ 71 th which power readings can be made instan- 
^ desired period is of great value in com- 

thpf R effect and value of any change 

that IS inaugurated in the development of the mill design. 

the operation of a new mill is that 

from radically dififerent 

coX £ a® possibilities _ and expectations of what 

themaioritv nf design was first conceived. In 

me majority of cases it is necessary to make a number of 

tions regarding the possibilities of each particular portfon of ?£ 

miU. including capacity of heating furSfces reSui?S neV^^^^ 
sible reductions per Da<i Lit- • requirea, permis- 

duct most decii-raKip f.- ' ’ of rolling, size and shape of pro¬ 
mill is deilooed standpoint of trade demands. The 

factors, and ^the incidental^Tfregarding these 
played an imported narM?of 

results in reversino- bloomira ^ost satisfactory 

ling mills, asIhe .eneralf dl^ 

motor equipment?” ^ advantages are the same for all types of 

First Cost 

the blooming mill^^^^ijify^ designed with motor drive for 
The averie load^nl^^^ ’• ^^® auxiliaries, 

versing blooming mill with POvrer station to drive a re- 

h p. is' approxfaateSTo Jo toSr T'** “ll^.OOO to 20,000 

not more than 15 per cent dnSvthLcifv; rlSf'* 

rne active rolling period of the 



1916] DISCUSSION AT CLEVELAND 533 

mill. The station capacity will be divided approximately 80 
per cent for motors of auxiliary machines and finishing mills 
and 20 per cen tfor the reversing mill equipment. In other words, 
it will require a comparatively small increase of power plant to 
provide for the blooming mill work which is quite a contrast 
with the requirements in an addition to a boiler plant for a steam 
. engine-operated blooming mill. 

Furthermore, the addition of a very uniform load assists in 
equalizing the total plant load, and thereby increases the effi¬ 
ciency of operation. 

The use of central station power is also a very material factor 
in reducing the first, cost, and many steel plants are taking ad¬ 
vantage of this point as well as of other favorable factors which 
purchased power affords. At present, there are more than fifty 
steel plants obtaining part or all of their electric power from 
central stations, and are using a total of approximatley 425,000,- 
000 kw-hr. per year, which is approximately 18 per cent of the 
total electric power required per year by the iron and steel in¬ 
dustry. 

Economy of Operation 

There is more economy of operation to be gained by the elec¬ 
trification of the reversing blooming mill than of any other type 
of mill. In the case of the averaging existing steam engine- 
driven mill, the steam consumption can be reduced fully fifty 
per cent by use of motor drive. This comparison is made on the 
basis of using electric power as furnished by steam turbines at 
approximately 5000-kw. capacity. Undoubtedly there are many 
cases where the gain would be even greater than this, but on 
account of the limited test data available regarding the steam 
requirements and general analysis of plant conditions, it has 
been difficult to establish these facts definitely. 

H. S. Page: Analysis of the sequence of operations during 
rolling might serve to bring about closer unanimity of opinion 
in regard to the permissible time of reversal. The actual re¬ 
versal occurs during the time the metal is out of the rolls between 
passes: is from a comparatively low speed in one direction to 
about the same, or lower speed’in the opposite direction, and can 
easily be accomplished while the metal is being returned to the 
rolls. After the metal enters the rolls it is of the utmost import¬ 
ance to have a driving motor capable of accelerating the mill to 
the maximum speed of the pass just as quickly as possible. The 
retarding action of any device installed for the protection of the 
motor should be carefully considered; as the function of most of 
these auxiliary devices is to prevent rapid acceleration and thus 
limit the output of the mill. 

A few comments might be added on the subject of general 
design of reversing mill apparatus which is treated at some 
length in the paper. Generally speaking it is permissible to 
sacrifice efficiency to a slight degree in order to gain more rapid 
acceleration and for this reason it seems advisable t6 work all 
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magnetic and current carrying material in the motor armature 
at the highest possible densities in order to reduce the stored 
energy to a minimum, the voltage being determined by the most 
economical arrangement of armature conductors and commu¬ 
tator segments. A decided advantage is gained by designing the 
motor with a view to cooling by means of forced ventilation. 
Valuable protection of commutators and brushes from the sharp 
steel mill dust and grit, as well as insurance from burnouts 
caused by deposits of this same material can be obtained by 
blowing sufficient thoroughly washed air through the motor for 
the cornplete ventilation of the dynamo room. As mentioned, 
before, it would seem advisable to let the voltage of these equip¬ 
ments be fixed by conditions governing the design of the motor 
rather than choose a voltage best suited to the generating set. 
The speed-voltage curves submitted with the paper apply fairly 
well to present day design but as the tendency is toward higher 
speed generating apparatus, it is questionable whether they 
will apply a few years hence. 

The rapid fluctuating speed and load conditions required by 
the cycle of operation of this type of equipment makes the ques¬ 
tion of rating, especially of the driving motor a rather vexed one. 
A very conv^’enient working basis for heating can be taken as the 
maximum continuous safe load capacity at full field on the motor 

continuous generator voltage. If some such rating 
IS established and the heating properly calculated from the rol- 
ing cycle for each installation much of the trouble which has 

past ^with electrically driven rolling mills will be 
avoided. Of course in addition to this it is necessary to make 
proper allowances for the range in load and speed as well as to 

f V mechanical stresses which are brought 

about by the rapidly fluctuating load conditions ^ 

“y the 

Sfely ^ 

It may be that there are other controlling devices used which 
are not shown in this diagram, and which will prevent the Ttart- 

bruj 

be built up on the closed 

be| 

quesS; orSe sp°eJd°ofthe‘i™h°el 

Stated that whereas we use a speed of r ^ or set, and 

engineers have gone™ to 500 rev oi mir'Cr"" 

poneroutput. Tomethiswouldin,Stfm»tKo‘? 

care to do on this'side. closer to the limit than we 
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I once made the remark that there were limitations in the de¬ 
sign of electrical machinery, and was told by a well known opera¬ 
ting engineer that such limitations did not exist, and that as soon 
as the operating engineer demanded anything, the designing 
engineer found a way to overcome his limits and supplied the 
demand. 

Mr. Hall in his paper has drawn attention to the fact that for 
each speed there is an output rating that cannot be exceeded 
unless the engineer is looking for trouble. This may be explained 
as follows: Taking a machine of given diameter, there is a safe 
maximum speed at which this machine may be run, and the out¬ 
put is then limited only by the length of the armature core. As 
this length is increased, the voltage generated in each turn of the 
armature also increases until, when a value of about 6 volts 
between adjacent segments is reached, interpoles become neces¬ 
sary. With inter-poles supplied, the machine may be further 
lengthened until, when a value of about fifteen volts is reached 
between segments, the machine becomes sensitive to changes in 
load and is liable to flash over. Compensating windings must 
then be supplied, if the output is to be further increased. 

Evidently,^ then, the 500-rev. per min. European machine is 
run either with a greater peripheral velocity, or with a greater 
value of voltage between segments than in the case of the 375- 
rev. per min. American machine. From the fact that they are 
designed closer to the limit, much more care is necessary in the 
construction of the apparatus, so that the machine is not neces¬ 
sarily cheaper. 

In regard to the rating of the motors, it mu.st be clearly under¬ 
stood that while the motors in question have a rating of 10,000 
h.p., at 100 rev. per min., they would become hot with a con¬ 
tinuous output of about 4000 h.p. On the other hand, if the 
machines were large enough to dissipate the loss corresponding 
to a 10,000-h.p. load, they would have become so long as to 
operate badly with regard to commutation. 

It is, therefore, rather hard to decide how they should be rated, 
because they are designed as 10,000-h.p. machines so far as com¬ 
mutation is concerned, and as 4000-h.p. machines so far as 
heating is concerned. Since the former is the more important 
limitation of the two, it seems reasonable to give them a rating 
of 10,000 h.p. maximum. 

With regard further to the rapidity of reversal of the generator 
voltage, it is of interest to note that, since the machines have 
compensating windings, the air-gaps can be small, and the shunt 
excitation be almost negligible. It is, therefore, quite within 
reason to put a non-inductive resistance in series with the field- 
coil circuit so as to reduce the time constant of this circuit and 
thereby allow the field to build up rapidly; and this would not 
reduce the efficiency of the machine to any appreciable extent, 
and, moreover, would allow the rate at which the machine builds 
up to be adjusted. It would seem from the discussion, however, 
that the machine reverses as rapidly as the mill engineer desires. 
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Wilfred Sykes: The discussion by Mr, Pauly indicates lack 
01 experience with this type of apparatus. "The question of 
rating has been given considerable thought by engineers design- 
ing reversing mill equipments, both here and abroad, and it 
as been the practise to^ rate reversing mills on the maximum 
operating peak loads as it is these loads that fix the size of the 
apparatus, and not the continuous capacity based on heating, 
ese loads do not represent the absolute maximum capacity 

are the peaks that are 
ordinaril}' earned during the operation of the mill. 

rnlW similarity of the reversing 

^ATiAroi hoist motors are correct as far as the 

general system used is concerned, but the operating character- 

afe'Ll elVTifS^^^^^ contrVvoblems 

the Sne -Th ’ much more difficult than those of 

is suffiSted «rA ® reversing mill motor 

rerSw i^df.^ / ^han those of the non- 

as for insTailc^ ^^®,^o^Jitions are comparable, such 

the two-hih bloomfn^mni^'^^ mill compared with 

running motor has a flywheel betwTeJitTnd it 

shocks on the narf^ r,f tir oerween it and the mill, and the 

the revemin^ motL a® ^han with 

minimi " ^^^heel effect is reduced to a 

with electrically driven mil]=? it experience obtained 

were not neces^ry to 0 “Sin 

-Mr. Pauly has gained somf 

no doubt, his views will change s^penence with these mills, 

n ”hhe question of size of motor d-iQ-fi- j 
Pauly places so much stress spptoc + ^ k’ which Mr. 

old idea of making a part mSve ^tS® rather to the 

the conditions under 4ichTonIrJ appreciation of 

to make the shaft many times stronS'th^ obviously useless 

the machme which is just aSle M^^^^ some other part of 

equipments it has been our obiect to designing 

expenence of motor and engine accumulated 

A shaft diameter out of all -n-r^ for this type of mill 

-ent. or the sire rf the SavlH “'"““‘Pft of the eq^p- 

«^*^.ppar,t„3 to a„ is* 

t??h?Sn2et ^ ‘O 

fadlities,' aSd'tt ” flTiheel'XIr “ trmJ’ortStio? 

h.b.t,ve weigh, 3 with sSdfSl foossery might mX p^- 

nroth bnngs up. a number of noffit^ 

or points regarding the 



1916] DISCUSSION AT CLEVELAND 537 

design of European compared with American reversing mills. 
The question of using one instead of two motors for the large 
equiprnents has received a great deal of consideration, and it 
was with a full knowledge of the European practise that the 
equipments now being built were designed with double motors. 
The question of safety to attendants is one on which a great deal 
of stress has been placed by mill operators, and there was a 
very great objection to the use of voltage higher than 600 across 
an individual machine. In the United States we must also 
face less skillful attendants, and the use of a 600-volt machine 
with 1200-volt insulation, such as the Bethlehem machine 
is, gives us a greater factor of safety than would be possible if 
we used single motors with, say, 1500 volts on the windings. 
The design features brought out, having been found desirable 
in Europe, are all incorporated in the machines which have been 
built. 

The question of generator speed is one that has been given 
a good deal of thought, and it might be of interest to mention 
that the 500-revolution generators running at the Steel Company 
of Canada’s plant repeatedly carry loads of 5000 kw. each, and 
it is quite possible to build generators for 500 revolutions to 
supply power to the motors at Bethlehem. On the other hand, 
using a speed of 375 r. p. m., there is greater leeway, and a greater 
margin could be obtained to cover the uncertainty of operation 
which was a factor on the Bethlehem installation. This mill 
was installed for rolling a very wide range of products,- and dif¬ 
ferent classes of steels, and it was practically impossible to 
predict before hand just how much power would be required. 
For this reason a conservative design was adopted, the wisdom 
of which has been shown by the operating conditions of the mill, 
since installed. 

Regarding the question of flywheels, we have found it de¬ 
sirable to limit the operating peripheral speed to approximately 
300 ft. per sec., although the stresses at this speed are very low. 
This is due to the uncertainties as to the quality of metal obtained 
in castings. The conditions in the tJnited States are very 
different from those in Europe where cast steel wheels, for higher 
speeds, can be readily obtained. 

Regarding the question raised by Mr. Lindemann, provision 
is made in the controller for the generator fields-to prevent 
the motors being started in the way he mentions. 
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MOTOR EQUIPMENTS FOR THE RECOVERY OF 

PETROLEUM 


BY W. G. TAYLOR 


Abstract of Paper 

The work of drilling, pumping and cleaning oil wells is very 
successfully handled by slip-ring induction motors. With the 
cable-tool method of drilling a special arrangement of con¬ 
trollers and resistance is used to obtain the required fine speed 
control. Similar motors are used for both this and the hydrau¬ 
lic rotary method. 

Pumping and cleaning, which includes ‘pulling' the rods and 
tubing, are in most cases all performed by the same motor which 
may be a ‘ Y-Delta ’ o*r a two-speed machine, depending upon 
operating conditions. Both of these motors are double-rated, 
the low rating being used for pumping and the other for pulling 
and cleaning. High efficiency is essential on the pumping duty 
and high torque for the heavy work of pulling and cleaning 
the well. For both types of motors special control features are 
used to properly protect the equipment as well as to make it 
most convenient for the operator. For wells pumped by jack- 
rigs, a portable hoist is employed to pull rods and tubing. 

This paper presents data covering the horse power require¬ 
ments and kilowatt-hour consumption for the various operations 
in drilling and maintaining producing oil wells. 

T FIE gradual decline in production which is characteris¬ 
tic of all oil fields as well as the great losses sustained with 
the usual methods of steam operation are the factors which 
generally furnish an incentive to the producing company to 
electrify its wells. The economy thus gained often gives the 
wells a longer lease of life, as it enables them to be pumped at a 
profit at a lower daily production than would otherwise be pos¬ 
sible. In most cases economy is only one of the several advan¬ 
tages of motor drive which are taken into consideration, these 
including greater reliability, simpler and more accurate speed 
control, steadier speed, greater safety and lower insurance rates 
than with other types of motive power. These advantages on 
any motor application are too well known to warrant more than 
incidental mention. 

The choice between alternating and direct current is generally 
determined by the available power supply and for this reason 
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induction motors are used on nearly all electrically operated 
wells. Several isolated generating plants are in operation which 
were installed for the purpose of carrying an oil well motor load 
and which were designed for alternating current because of the 
inherent superiority for this service of an induction motor over 
a direct-current machine. Although the latter may at first 
appear to be a more advantageous type of motor on account of 
the speed variation obtainable by field control without material 
reduction in efficiency, yet when it is taken into consideration 
that oil well motors must often carry sudden ahd severe overloads 
and be frequently reversed at full speed, and are subjected to 
much abusive handling by unskilled operators, the overload 
limitations of a direct-current motor prove to be a severe handi¬ 
cap A mom complex control is necessary to protect the motor 

and if this is not provided the depreciation of the commutator 
is rapid on the heavy duty. 

There is a large number of varied operations which oil well 
motors are called upon to perform, and these fall naturally into 

drdlt ’ pumping and cleaning. The process of 

_ Ihn^ a well includes the operations of handling the drill¬ 
ing tools and the casing with which the hole is lined and of 
mmovmg the drillings by bailing or hydraulic flushing The 

necessarvToT'''operations as are occasionally 
} to free the pump and valves from sand. The cleaninn 

of a well is a process which varies with -^^e meaning 

It is alwa,-= r, 7 varies with the conditions encountered. 

wHch rs kL. ^°ds and tubing, 

^ accumulated sand 

and ma'Sren. T ^y bailing or hydraulic washing, 

tools. SwabbTu^J^^^^^^^^^ ‘ ’ of drilling 

The most logical methor f improve the flow of oil. 

tions is to use a dierenfmal^^^l^“^ 

as this not only involves the lea t^^ ®ach of the three groups, 
requires the minimum investment'bv the 

mth efficient operation. It has, howevm^°S2''founr'^^^'^^ 
practical m most eacAc t^ uwever, oeen found more 

and another for all the work i°^^ drilling process 

cleaning the wells. pumping, pulling and 


Drilling 

I'nitisT.,- general .se i„ the 

standard or cable-tool method, and the 
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hydraulic rotary method. The former employs a walking-beam 
from the end of which a heavy stem and bit are suspended by a 
steel wire or manila rope. These churn the hole by the up-and- 
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-Derrick 
-Crown block 
-Band-wheel 
-Bull-wheel 

-Rope-groove for bull-rope 
-Bull-wheel band brake 
-Calf-wheel with band brake 
-Sprocket for driving calf-wheel 
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-Sand-reel friction pulley 

-Walking-beam 

-Headache-post 

-Samson post 

-Pitman 

-Crank 

-Countershaft 

-Motor 

-Calf-wheel clutch 



Fig. 1—Elevation and Plan of Motor-Driven Standard Califor 

NiA Oil Well Rig 


down motion imparted by the beam, the strata thus being pene¬ 
trated by percussion. The drillings are mixed with water in the 
hole and are removed at intervals by a ' sand-pump ’ or bailer. 
As the hole deepens, iron or steel casing is inserted in approxi- 
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mately 20-foot lengths, screwed together, but may not be used 
where there is no danger of caving. 

The arrangement of the standard motor-operated drilling rig 
used in the California fields is illustrated in Fig. 1. For actual 
drilling work the drilling line is suspended from the end of the 
walking-beam, but the hoisting of the tools is done by the bull- 
wheel, rope-driven from the band-wheel, with the walking-beam 
disconnected from the crank. The drilling line is wound on the 
bull-wheel shaft and passes over a sheave on the crown block. 
Casing is handled in a similar manner by the calf-wheel, with the 
addition of a block and tackle having from seven to nine lines. 
The bailer, which is a long tube with a check valve at the lower 
end, is hoisted by a separate line wound on the sand-reel, the 
latter being run from the band-wheel by friction drive. On rigs 
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Fig. 2—Graphic Record of Power Required for “ Spudding In ” 

Casing in a California Oil Well 


not having a sand-reel the bull-wheel is employed for this pur¬ 
pose. 

The heaviest work encountered by the drilling motor is the 
manipulation of the casing. It is frequently necessary to re¬ 
peatedly raise and lower a string of casing a few feet for long 
periods in order to relieve the friction caused by pressure of the 
surrounding strata, and thus work a clear passage. This is known 
as ' spudding in ’ the casing. It requires continued reversing 
of the motor under heavy load, and is very well illustrated by 
the graphic record shown in Fig. 2, which was made on a 50-h.p. 
equipment. It is important that the motor should have ample 
margin in torque to accomplish this without overheating or 
stalling, as failure to free the string of casing compels the opera¬ 
tor to continue with a smaller diameter. Occurrences of this 
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After a well has reached a depth of 300 or 400 ft., the amount 
of energy required per hundred feet for all drilling operations by 
the standard method increases with the depth of the well. Al¬ 
though it has already been pointed out that the power necessary 
to swing the tools grows less, on the other hand the length of 
time required for bailing increases in proportion to the depth, 
with little or no reduction in horse power, and the dash-pot 


action in pulling out the bailer 
becomes greater due to the 
larger amount of fluid carried 
in the well. It is also usually 
necessary to work the casing 
more frequently as the depth 
increases, in order to prevent 
it from ‘ freezing ’ or sticking. 
Both of these conditions 
cause a considerable increase 
in energy consumption. Fur¬ 
thermore, progress becomes 
slower as the well deepens. 
Therefore considering all of 
these points, it is apparent 
that the kw-hr. consumption 
will increase more rapidly 
than in direct proportion to 
the depth, and actual results 
plotted in Fig. 5 for a 2060- 
ft. well indicate that it varies 
approximately as the square 
of the depth, barring acci¬ 
dents and extensive jobs of 
'fishing’ for lost rope, tools or 
damaged casing. The indi¬ 
vidual points also plotted in 



Fig. 5—Curve of Total Power 
Consumption Covering all Op¬ 
erations IN Drilling a 2060-ft. 
Oil Well BY THE Standard Cable- 
Tool Method, The Individual 

POINTS PLOTTED ARE THE TOTAL 

Recorded kw-hr. on Various 
Other Wells 


Fig. 5 represent the total power consumption recorded in drilling 
other wells of various depths. They check as closely as could 
be expected with the record for the 2060-ft. well at a corre¬ 
sponding depth. Under the usual conditions encountered, and 
without any great amount of bad luck in the drilling work the 

when the motor is in use, is 
about 230 kw-hrs., but it will vary on different days from 

approximately 135 to 400 kw-hr., depending upon what class of 
work IS being done. 
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The most successful drilling motors now used in American 
oil fields are of the slip-ring induction type with secondary 
resistance control arranged for reversing duty. A capacity 
of 50 h.p. is usually sufficient for wells not exceeding 2500 
ft. in depth, though cases have occurred where 75 h.p. was 
necessary on wells from 2000 to 2500 ft. in depth, as well as on 
the deeper ones. The belted arrangem^ent with a countershaft 
has proved the best, as the severe service has rapidly put out of 
commission the various types of gear drive which have been 
tried. 

In the cable-tool method of drilling, the beam must overspeed 
and allow a relatively free drop of the tools on the down stroke 
to obtain the most effective blow; the motor to accomplish 


AUXILIARY CONTROLLER 
8 6 4 2 


MAIN CONTROLLER 


AUXILIARY RESISTANCE 


MAIN RESISTANCE 
R1 


Forward 
2 4 6 8 10 


Reverse 

108 6 4 2 
11 ; >! 11 



Pig. 6—Connections for Motor Equipment for Standard Cable- 

Tool Drilling 


this must therefore slow down on the up stroke and speed up on 
the down stroke. This is quite successfully accomplished by so 
proportioning the pulleys that the motor will have some second¬ 
ary resistance in circuit when running at the correct drilling 
speed. There is also required a very fine adjustment of speed 
to make the movement of the beam accord with the natural 
period of vibration of the drilling line due to its elasticity. Fail¬ 
ure to obtain the exact speed results in deadening the movement 
of the bit and may strain the line and rig dangerously. A 
suitably designed liquid rheostat would be an ideal method of 
control if it received the necessary attention and a good quality 
of water, but unfortunately neither of these can be given it 
under the usual conditions in the oil fields and so drum controllers 
have been adopted, connected as shown in Fig. 6. The main 
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controller gives a coarse variation of speed and reverses the 
motor, and the auxiliary controller provides a means of obtaining 
fine speed control between the points on the main controller 
for either direction of rotation. These controllers are each 
operated by wire ropes extending to the headache-post in the 
derrick, the arrangement in this respect being similar to ther^ 
method of throttle control employed with engine-driven rigs. 

A complete installation is shown in Fig. 7. 

Drilling by the rotary method is accomplished by boring rather 
than by churning the hole. The drilling bit is supported at the 
lower end of a column of pipe which is held and rotated by a 
turntable. The latter is driven through a series of chains and 
gears. A hoisting drum, which is clutched in when desired, is 
also provided for handling the drilling stem and casing. The 
drillings are washed out by a stream of thin mud circulated by 
the ‘slush-pump’ down through the rotating column of pipe 
and up outside of it, thus causing the pipe to turn, more easily 
and preventing caving by plastering the sides of the hole with 
mud. Only a few wells have so far been drilled by this method 
with motor drive, but excellent results were obtained with the 
same type of motor as is used for the cable-tool method. A 
fairly close speed adjustment is needed to operate the bit at 
the most effective cutting speed, inasmuch as the latter varies 
with the nature of the strata encountered. 

Pumping, Pulling and Cleaning 

Pumping is accomplished by means of a deep-well pump of 
the plunger type which is lowered on the end of a string of 
tubing to a sufficient depth to insure ample submersion. The 
plunger is operated by jointed iron or wooden rods extending 
down within the tubing and attached to the end of the walking- 
beam or to a pumping-jack operated from a central power-head. 
The flow of oil through the tubing to the surface is governed by 
suitable check valves in the barrel and plunger of the pump. 

The rods and tubing must be frequently removed to clean out 
the well or to replace broken or worn parts, and the bull-wheel 
is then employed except where the use of pumping-jacks makes 
a portable hoist necessary. Rods are pulled with a single line, 
but a block and tackle with two or three lines is necessary for 
the tubing. Both are removed in lengths approximately 60 ft. 
long which usually consist of three 20 ft. sections screwed together. 
Bailing, light redrilling, washing or swabbing may be employed 
in the process of cleaning. 
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Pig. 7 — A 50-h.p. Drilling Motor Operating Cable-Tools on a 

Standard California Rig 
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Fig. 9—Two-Speed 25/8-h.p. 1200/600-rev. per min. Three-phase, 
60-Cycle, 440-Volt Oil Well Motor for Pumping, Pulling and 
Cleaning Wells of Moderate Depth 
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There is no apparent way to calculate the power necessary to 
pump a well which will give figures uniformly consistent with 
actual tests, because of the difficulty of determining the effect of 
varying well conditions. For instance, a large amount of sand 
in the oil will increase the power necessary to pump it, while on 
the other hand gas may be present which will help lift the oil. 
No numerical value can be placed on these conditions, so the 
motor capacity for this duty is determined largely by comparison 
with results obtained on other wells. Owing to the fact that the 
conditions are generally changeable, it is best to have some 
reserve motor capacity for pumping. The power input will 
vary from day to day and even from hour to hour, and may in¬ 
crease considerably in a short time when the well is sanding up. 
Such variations are not so common, however, where the troubles 
from sand are few. 

The following summary of records from over 200 California 
oil wells pumped on the beam, gives an idea of the motor load 
for pumping alone: 

Depth of wells. 900 to 3100 ft., average 1430 ft. 

Length of stroke.'..29 to 32 inches. 

Strokes per min.20 to 30, average 24. 

Diameter of tubing.3 inches. 

Power required.1 to 5 h.p., ave. 3.5 to 4 h.p. 

Exceptional wells in California have required as high as 16 to 
17 h.p. at times. In Louisiana some heavy pumping wells have 
been encountered, one in the Evangeline field requiring the 
following: 


Depth of pumping. 1100 ft. 

Length of stroke. 30.5 in. 

Strokes per min... 40 

Diameter of tubing. 2.5 in. 

Power required.•. 9.5 h.p. 


Another Louisiana well near the Caddo field gave test results as 
follows: 


Depth of pumping... 1000 ft. 

Length of stroke. 37.5 in. 

Strokes per min. 38. 

Diameter of tubing. 3 in. 

Power required.... 17.5 h.p. 


Compared with the California wells, these Louisiana wells 
have a longer stroke, higher speed, larger percentage of water 
and less gas in the oil, and therefore require more power. The 
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in which W = weight lifted in lbs. 

d = diameter of bull-wheel shaft in inches. 

IV = rev. per min. of bull-wheel. 

L = number of lines used in the tackle. 

The constant 63,000 is based on a mechanical efficiency of 
the rig of 50 per cent. This is a fair assumption for the majority 
of cases, as will be seen by reference to Fig. 8, which is an ap- 
pioximate efficiency curve plotted from the results of several 
tests. In addition to the value obtained from this formula 
there must remain a sufficient margin in torque for acceleration. 
This depends largely upon the flywheel effect of the motor 

armatuie, as the revolving parts of the rig have relatively small 
inertia. 



Fig. 8—Approximate Mechanical Efficiency of Standard American 

Oil Well Rig 


Of the various operations of cleaning a well, swabbing requires 
the heaviest demand of power. The work consists of lowering 
a plunger into the well casing and then pulling it out. The 
plunger has a tight fit in the casing so that the suction thus 
produced draAvs the sand out of the perforations at the bottom 
and thus clears the oil passages. The operation may be per¬ 
formed for several hours at the rate of two to four times-per hour, 
each hoisting trip of the swab requiring several minutes. Peak 
inputs to the motor from 40 to nearly 70 kw. have been recorded 
in this work. 

The total monthly power consumption for all the work of 
pumping) pulling and cleaning a well will vary from approx¬ 
imately 1350 to 6000 kw-hr. but the average is about 2100 
kw“ hr. 
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The necessity of employing a single motor for all of the work 
of pumping, pulling and cleaning is due chiefly to two reasons j 
first, the impracticability of using, a portable hoisting equip¬ 
ment for wells that may have to be pulled every few days, par¬ 
ticularly where the country is rough; second, the desire of a 
great majority of operators to have a machine which will takef* 
the place of the steam engine with little or no change in the 
method of operation. 

The most successful and most widely used induction motors 
for this duty are of two types, the ^Y-delta’ and the two-speed. 
Except in special instances both are of the slip-ring type, the 
former being designed for changing the normal capacity by a 
change in stator connections made by a suitable switch, this not, 
however, affecting the speed; the latter has a pole-changing 
switch mounted on the frame by means of which both the speed 
and capacity are changed. Both machines require a controller 
and secondary resistance for speed variation, which with the 
two-speed motor are effective on either the high or the low-speed 
connection, as a six-phase rotor winding is used. A synchronous 
speed of 900 or 1200 rev. per min. is usually selected for either 
type of motor, and a half-speed connection is used on the two- 
speed machine. Various ratings are employed, depending upon 
what the conditions require, among which are 20/7 h.p., 20/10 
h.p., 25/8 h.p. and 30/15 h.p. Smaller motors than these gener¬ 
ally cannot develop the overload torque occasionally necessary 
in emergencies on nearly all wells. The low capacity is used for 
little else but pumping, and the design is therefore made for as 
high an efficiency as possible on this connection without sacrific¬ 
ing the required torque on the higher rating. The maximum 
momentary capacity is from 300 per cent to 450 per cent of the 
high rating, but full-load efficiencies of from 75 per cent to 85 

per cent, and power factors nearly as good, are nevertheless 
obtained at full load on pumping duty. 

With the Y-delta motor, a high speed for pulling can be ob¬ 
tained only by changing the pulley or by lagging up the bull- 
wheel shaft to a large diameter. Few operators care to be both- 
ered with the pulleys, while there are some who will not consider 
the other method because of the increased strain on parts of the 
rig. Lagging the bull-wheel shaft furthermore does not speed 
up the sand-reel, so bailing must be done very slowly. But 
where the operator will use a lagged shaft and has no sand-reel, 
e Y-delta motor does very well, except for one point which 
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in many cases is important. It is very often the practise to 
shake-up a well to free the pump valves from sand and thus 
avoid pulling the rods and tubing. This is accomplished by 
increasing the speed of the walking-beam for a few minutes, 
but there is no practical way to do so with this type of motor, 
"as the time required to change pulleys makes this method out 
of the question. The two-speed slip-ring motor, as may readily 
be seen, overcomes all these difficulties and has therefore re¬ 
ceived wide-spread approval by practical oil men. One of these 
motors is illustrated in Fig. 9. 



Fig. 10 Connections for Two-Speed Motor Equipment for Pump¬ 
ing, Pulling and Cleaning Duty 

The connections of the two-speed equipment in Fig. 10 show 
the method of protecting the double-rated motors by double- 
wound overload trip coils on the oil switch, which are so inter¬ 
locked by connections with the switch on the motor that proper 
protection is automatically obtained. The controller is operated 
by a rope wheel from the derrick as described for the drilling 
motor. 

While the majority of installations use a belted motor with 
countershaft, there are many back-geared machines in operation, 
the two arrangements being shown in Figs. 11 and 12. Oil men 
display a preference for the former, but most of the gear noise 
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Discussion on “Motor Equipments for the Recovery op 
Petroleum” (Taylor), Cleveland, Ohio, June 27, 1916. 

_ F. Woodbury: About five or six years ago I was associated 
in the pioneer work near Los Angeles where some of these oil 
well motors were developed. We had considerable trouble owing 
^to the prejudice of the operators against the apparatus, as 
mentioned by Mr. Taylor. They endeavored to discredit the 
motors by running full speed and reversing as fast as they could, 
doing everything possible to burn them out. However, in this 
they were not very successful, and we finally succeeded in suc¬ 
cessfully installing several motors. 

The largest saving to be effected by motor operation is with 
producing wells which require pumping. Wells in process of 
drilling are comparatively few, so it is questionable if much is 
to be gained by using motors for this severe duty. An example 
of what was saved on the property where the development 
work took place is herewith given. Before electrification all 
of the natural gas on the property plus 30 to 50 barrels of oil 
was burned per day to produce the necessary steam for the pump¬ 
ing engines. After equipping 16 or 20 wells with pumping motors 
it was found no longer necessary to burn any oil, and there was 
an excess of natural gas. Electric power was supplied from a 
small plant receiving steam from the same boilers that were used 
to supply the pumping motors. 

Mr. Taylor notes that there are many instances where it is 
hard to get motors installed due to local conditions not being 
suitable. This is quite true in cases where there is ample natural 
gas and the prospective customer is using gas engines. In other 
cases where crude oil is used for steam generation and the steam 
is piped considerable distances, large savings can be made by 
using motors. 

A. M. Dudley; There is one fact that Mr. Taylor has not 
dwelt on, and that is the greater convenience of the electric 
motor. In such territories as the oil fields of West Virginia the 
hauling of a heavy steam boiler over the rough country is a 
serious problem. Six horses and even eight are often employed. 
You can readily appreciate that a motor occupying possibly 
4 or 5 cubic feet and weighing not over 700 or 800 pounds is 
a most acceptable substitute. 

Another point, is the great flexibility of the induction motor 
in the performance of any and all classes of work. It has been 
brought to your attention in connection with the paper on 
reversing rolling mills that in many cases the limiting factor of 
the d-c. motor is commutation. The induction motor has no 
commutation and for short-time loads is limited practically 
only by the maximum torque it will develop. Mr. Taylor also 
shows that by connecting Y and A, a maximum torque practically 
three times as great may be developed where needed for short 
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periods in cleaning and **pulling, and that this is coupled with 
high efficiency when pumping continuously for days at a stretch. 
Another point brought out, is the possibility of connecting 
the same winding for two speeds and thus further adapting the 
motor to its work. From many points this is almost an ideal 
combination of motor and tool characteristics. 


Presented at the 33cJ Annual Convention of 
the American Institute of Plectrical Engineers, 
Cleveland, 0„ June 27, 1916. 


Copyright 1916. By A. 1. E. E. 


REPORT OF THE TRANSMISSION COMMITTEE 

I Data from Operating Plants on the Effect of 
Altitude on the Operating Temperature Rise of 

Electrical Apparatus 


BY PERCY H. THOMAS, CHAIRMAN 


T3 ECOGNIZING the absence of conclusive data on the alti- 
l\. tude correction to be applied to the temperature rise of 
electrical apparatus, and further the lack of uniformity of the 
general practise as well as the frequent entire omission of the 
correction, the Transmission Committee undertook the collection 
of data as to the opinion and practise of operating engineers and 
sent a list of questions to 150 companies and individuals. 

Ihe information received is herein summarized and discussed. 
It should be noted that no effort has been made by the Committee 
to make laboratory tests or scientific investigations—nor does 
the Transmission Committee offer any definite rule of correction, 
for this is the function of the Standards Committee. The data 
collected are presented as information for the use of any committee 
or individuals who may find it helpful. 

Thirty-one replies were received. Of these 15 were from plants 
operating apparatus at 5000 ft. (1524 m.) altitude or higher, 
which are here called high-altitude plants. Of these 15 high 
altitude plants six make no correction for altitude and six have 
noticed no effect of altitude. Comments of more or less interest 
have been received from some of the above and are here sum¬ 
marized. 

From W. N. Clark, Arkansas Valley Ry. Lt. and Pr. Co., 
Canon City, Colorado. 

Altitude 9000 to 10,000 ft. (2743 to 3048 m.) 

Take account of altitude both in purchasing and loading 
transformers. Have no definite rule for correction but have by 
experience determined which design of transformers operate 
satisfactorily. The transformers in question are step-down 
transformers in the Cripple Creek district, ranging in capacity 
from 100 to 900 kw. 


555 



556 


REPORT OF TRANSMISSIOE COMMITTEE [June 27 


We have noted that on some of the more modern closely rated equips 
ment that the temperature remains high. This does not apply to some 
of the older more liberally rated apparatus such as generators and trans¬ 
formers. 

Six 200 kv-a., oil-insulated, self-cooled transformers required water 
cooling coils to prevent constant excess temperature at rated capacity, 
however, part of the cause was poor circulation of air in and out of 
building. 

The correction factor is not large. I think it should be made. I think 
the capacity should be rated lower for the higher altitudes, something 
similar to the method of rating air compressors. 

Lightning discharges take place over longer setting of horn-gap arresters. 

From W. 0. Vickery, The Trinidad Electric Transmission. 
Railway and Gas Co., Trinidad, Colo. 

Altitude 6000 to 7000 ft. (1828 to 2133 m.) 

No account taken of altitude up to spring of 1915. 

No rules adopted, but it is thought best in future to specify tempera¬ 
ture and altitude in purchasing electrical apparatus. 

Prom general observations it is noted that oil-insulated, self-cooled 
transformers run approximately 10 per cent higher than nianufacturer\s 
guarantee. This is also noted on induction motors, except that induction 
motors run only about 7 per cent higher than guarantees. Generators 

seem to operate about 5 to 6 per cent higher than guaranteed rating of 
temperature. 

Nothing definite. However, the loss of the coils in a 2000-kw. tur]:) 0 - 
armature we believe could be partly attributed to higher temperature 
resulting from high altitude. 

Generally speaking, increased temperature at high altitudes was called 
to our attention in the spring of 1915. Since that time, observations have 
been made, which lead us to believe that there is considerable increase 
in temperatures of electrical apparatus when operating at alticudes of 
7000. to 10,000 ft. (2133 to 3048 m.) above sea level, and it is believed 

rules should be formulated covering such apparatus when making pur¬ 
chases. 

From R. W. Tool, Chf. Engr., Denver Tramway Co., Denver Colo. 
Altitude 5280 ft. (1609 m.) 

TeIcc account of altitude in loading transformers. 

transformers have been noticed to operate from 10 to 12 deg. cent, 
higher than manufacturers specifications under given load conditions 

ope-in,..: 

Sho^d think that a correction factor should be made of at least 10 deg 

cent, higher than temperature rating for apparatus used at sea level 
under same operating conditions. 

From J. H. Rtder, 8 Queen Anne’s Gate, Westminster, S W 
London. 

So^Africt neighborhood of Johannesburg, 
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Takes account of altitude in generators, motors and trans¬ 
formers both in purchasing and loading apparatus. 

To secure a maximum temperature rise of 35 deg. cent, in 
motors with an ambient air temperature of 35 deg. cent., motors 
must not exceed a temperature rise of 30 deg. cent, with an 
ambient air temperature of 25 deg. cent. 

The neighborhood of Johannesburg is at an altitude of 6000 feet above 
sea level, and from experience there I have had to adopt the following 
basis for the temperature of the motors, namely, a maximum temperature 
rise of 35 deg. cent, with the surrounding air at a temperature of 35 deg. 
cent. 

As the plant has to be tested at the maker’s works at sea level, the 
prescribed limits for such a test are a temperature rise of 30 deg. cent, 
with the surrounding air at a temperature of 25 deg. cent, as experience 
has shown that these figures correspond very closely indeed with the 
limits for the higher altitudes. 

I have had considerable difficulty with some manufacturers in getting 
them to design their plant for what appears to them to be abnormally 
low temperature rises aj: sea level, but by persistence have succeeded 
now irr getting those figures without difficulty. 

Yes; correction should be made for altitude. 

From K. C. Randall^ 133 Dewey Avenue^ Edgewood Park, Pa. 

Have never allowed nor encountered requests for allowance in rating 
of apparatus because of expected operation at high elevations. 

Have never heard of instances where loading is in any way controlled 
by elevation. 

I believe that in general the extra complications from introducing 
corrections for elevation will be largely a paper burden and in general 
of no material significance, particularly as standard apparatus should be 
employed as far as possible and that any acknowledgment of the effect 
of elevation will only add to the expense of both consumer and manufac¬ 
turer without any return to either. This is particularly true, as the wide 
range of conditions of installation, ventilation and operation will have 
in general much more bearing on operating conditions than variation in 
elevation. 

Eyom Charles S. Ruff tier, Genl. Mgr,^ The Electric Company of 
Missouri^ Webster Grove, Mo. 

Confining the qnevStions strictly to the effect of air pressure on thermal 
conditions, might omit considering other factors in the cooling of apparatus 
at high altitudes. The prevailing lower temperatures at high altitudes, 
with particular reference to the invariably cool nights, might, in practise 
entirely offset any difficulty with the volumetric thermal capacity of the 
air. 

Personally I have not noted any cooling difficulties in any apparatus 
operated at high altitudes arising from the rare atmospheres, and I can¬ 
not think of any important practical question in that connection except¬ 
ing only in the design of forced ventilating systems. In that case, the 
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apparatus being cooled by air blast might require a larger v 
air Such a case has not, however, come under my observal 
A few simple expenments on the rate of transfer of he 
substance to atmosphere of different pressure might determine 
of air at different pressures required for equivalent cooling e: 

From P. M. Downing, Chf. Engr., Hydroelectric De 
Gas and Elec. Co., San Francisco, Cal. 

In this connection I might say that the effect of altitude on 
ature reading of electrical apparatus, is something that we 
considered of great importance. The writer has had persona 

8500 ^ 72^00 "" altitudes ranging from 

heltin7irt7®" observation to notice an/ ch 

iieating of the apparatus. 

From C. D. Gray, Asst. Elec. Engr., J. G. White R 
Corporation, 43 Exchange Place, New York. 

fl8°287r24?r' 6000 

would 7oh M should be given to this ma1 

used at lower IltTtudl ^ than fo: 

From J. F. Postal, Genl. Mgr., The Colorado Sprin 
Meat and Power Co, 

Altitude 6000 and 7000 ft. (1828 and 2133 m ) 

Take no account of altitude either in purchasing o 
apparatus. 

rufSt.*^^* allowance should be made. Have noticed 

From E. R. Davis, Genl. Mgr., Pacific Light and Po 
porahon, Los Angeles, Cal. 

Altitude 5000 ft. (1524 m.) 

covering data sheet for references tc 

- 7 “““ *'>• ’tszA 

companv is nor t I “P “ statement 

apoaratL V of altitude on 

anv ^ °’^®®^’^ations or tests on record which w< 

any bearing on the matter. wnicn w< 

indicate clearly that most engineers o- 

rfte“ffeSo7.T,-fT "■> < 

' °° ‘Mnperatare of e 

pparatus. This appears rather to be because of lack 

in an 2'Ppnratus and lack of convincing engineer! 

tion of only a few per cent and as apparatus is seldoL 
However, at the higher altitudes where engineers have ir 
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effort' to look into the subject they usually conclude that a cor¬ 
rection should be made. 

While in most cases the altitude correction is not important, 
there are some where it is of great importance, for example to 
such a company as the Chile Exploration Company which ex¬ 
pects to have 100,000 kw. of transformers and motors at 9000 
ft. (2743 m.) altitude, much of which will be carefully rated, or as 
the Cerro de Pasco Mining Co. with apparatus at the extreme 
altitude of 14,000 ft. (4267 m.) 

Obviously the data collected by the committee form no basis 
for the drawing of a definite altitude correction, and the collection 
of data was not undertaken with that in view. It serves how- 

I 

ever to show the attitude of engineers in general on this question 
and thus it is of considerable interest. 

Two of the replies above quoted are to the effect that their 
authors considered that the altitude correction is not of magni¬ 
tude enough or sufficiently precise to w^arrant a formal rule. 

Two of the replies included certain matters not strictly perti¬ 
nent to the subject of the inquiry but still cognate and of some 
interest, they are appended below. 

From J. H. Rider, 8 Queen Anne's Gate, Westminster, S. W., 
London. 

One of the things which no manufacturer ever pays attention to is that 
the temperature rises of generators and motors tend to increase as time 
goes on, even with the same load. This is because the first temperature 
tests are made with the machine in a new and clean condition, with all 
ventilating passages in good order. During working, however, it is impos¬ 
sible to keep dirt from collecting in the air passages, and so the ventilating 
facilities get worse and worse, as time goes on. 

It is quite impracticable to clean out the ventilating spaces without 
dismantling and then rebuilding the whole machine, which, in practise, 
is impossible, as a user is entitled to expect his machine to run satisfac¬ 
torily for very many years, if he gives proper attention to the bearings, 
brushes, etc. 

The above point, perhaps, does not concern only motors which are 
intended to work at high altitudes, but it shows that the test temperature 
of such machines at sea level must be quite as low as those which are fixed 
upon if satisfactory after-running is to be obtained. 

If your committee, therefore, could both fix upon a standard for tem¬ 
perature tests at sea level to give reasonable working temperatures at 
high altitudes, and also make such sea level figures low enough to provide 
for the gradual clogging of the air passages, you will have done a very 
great work. 

From R. S. Masson, 705 Security Building, Los Angeles, Cal. 

I was much interested in your letter about the effect of altitude on the 
temperature rise of electrical apparatus. I have been determining for 
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2 . niimbcr of ycs-rs in my own mind, tlint humidity wns the rcnl nigger in 
this altitude woodpile. In other words, I am of the opinion that altitude 
as such does not effect the cooling capacity of the air to any material 
extent, but that humidity, which may be directly related to altitude in 
some instances, causes the trouble. 

When the writer undertook to operate certain motor-generator sets 
in Phoenix, Arizona, about three weeks ago, it was found that the machines 
ran very much above their testing temperature and, after accusing power ' 
factor and other common enemies, it was found that there must be another 
cause. Phoenix was then a close neighbor to great areas of desert and the 
average humidity was so low that the air was practically dry. We then 
tackled this problem of constructing a humidor which, in effect, was not 
much different from any of the attempts which have been made by 
power house operators; ours having the form o& water screens rising out 
of a water bath like the old overshot water wheel with the air flowing 
through these screens. This air was conducted through canvas housings 
to the ends of the motor generator sets and allowed to flow out through 
the stators, without changing the machines themselves at all. The effect 
was very marked and increased the capacity of the normal rated 600- 
kw_ machines about 126 to 150 kw. at the same temperature rise. 

efernng then to the problem as presented in your letter. Here was 
machine located at an elevation of about 800 ft. (243 m.) which was 
having all of the troubles that had previously been experienced ^ aTlT 
tudes of 8000 and 10,000 ft. (2438 to 3048 m.) It would bnnterestinfto 

fasL°°asTh:tTevll ^ 

bloltVthl afrtroLTt?’ 

by evaporating t^e i . ^as to actually cool the air 

rnn ■ ' 1 ^ ^ ^-nd, of course, the machine was practical 1v 

of humidfty abne itToulTh®' 

uimaix} aione it would be necessary to re-heat th^ oiV r.u i 
accumulated moisture fn after it has 

■11 1 , 1 . moisture, to the temperature of ordinarv air Th;o + 4 t 

will be glad to make, if it would be of anv inter.T -f f ^ 

the said Phoenix motor-generator apparatus wTthouT 

unnecessary delay. apparatus without inconvenience or 

The above extracts are seif explanatory. 

II-EXPERIENCE with grounded neutral on high 

tension transmission lines 

To secure a comparison of the exnpnVnr-Ac- 

operating high-tension =:vctArv, ^ companies 

^ mgn tension systems with grounded TiAut.-oU i-i 

Transmission Committee <iA-n+ o., • r ^ neutrals, the 

n^be, of POwerT,:: :tra„?r “■ “ 

information secured. present report covers the 

pWing^trbltim tr*?n ret'"' T r"' by 

reports; comments will then be made.”™ important 
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From the Pennsylvania Water and Power Company, 

Mr. A. Bang, Testing Engineer. 

I he Pennsylvania Water and Power Company operates a hydroelec¬ 
tric plant located at Holtwood, Pa. The generating capacity of this 
plant is at present about 83,500 kw.; the current is three-phase, 25 
cycles, and generated at 11,000 volts. This voltage is stepped up to 
^ 70,000 volts by means of three-phase transforniei's, which are delta con¬ 
nected on the low-tension side and star connected on the high-tension 
side. 


Substation Snslesws 



The bulk of this power is transmitted to Baltimore, Maryland, through 
three 70,000-volt 40-mile (64-km.) long transmission circuits. At the 
teiniinal station in Baltimore the voltage is stepped down from 60,000 
volts to 13,200 volts by means of three-phase transformers, delta connected 
on the high-tension side and star connected on the low-tension side. This 
power is then distributed through a 13,000-volt underground cable 
system to a number of substations located in Baltimore. 

A minor part of the power generated at Holtwood is transmitted at 
70,000 volts to Lancaster, Pa., where the voltage is stepped down to 
2300 volts through single-phase transformers connected in open delta. 
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The accompanying one-line wiring diagram and tabulations of the resis¬ 
tances and reactances of the various apparatus used in the generation 
and transmission of power will give an idea of the size and characteristics 
of the plant and transmission system.* 

The transmission of power to Baltimore was started in the autumn of 
1910 and to Lancaster in the autumn of 1913. 

Both of these systems are run with the neutral grounded at the power 
house only. The Lancaster system has always been run grounded; the*’ 
Baltimore system has been grounded all the time except for a short inter¬ 
val during the summer of 1911 when the grounds were temporarily dis¬ 
connected to try out such method of operation. 

Ungrounded connections did not seem to give any relief from lightning 
disturbances experienced during that summer and it was felt that when 
run ungrounded the possibility of the line being kept in service for any 
length of time, with one phase accidentally grounded and without the 
location and the character of the ground being known, there would be 
incurred danger to life and property along the transmission line and espe¬ 
cially would nearby telephone service be exposed to damage. As in the 
case of short circuits on the transmission line, a very brief interval of 
arcing may suffice to cause great damage to conductors and insulators 
on account of the large generating capacity back of the trouble, and as 
the majority of the transmission-line trouble has been short circuits and 
not single grounds, it has been thought better not to make any difference 
between these two cases, but to try to cut out the circuit immediately 
upon its becoming faulty and carry the voltage on a duplicate circuit, 
independent of whether the cause of the trouble was a short circuit or 
a single-phase ground. It has been endeavored to arrange the relay appa¬ 
ratus so as to cut down as far as possible the number of seconds that a 
faulty line may be exposed to short circuits. 

The Baltimore system, where there are three transmission lines, is 
normally operated so that certain groups of transformers are connected 
to each line in such a way that the high-voltage sides of the lines are 
entirely independent, while the low-tension sides of the transformers 

are all connected to the same bus; though to some extent separated by 
reactance coils. 


For this system two transformers per circuit are grounded during the 
lightning season, whenever possible. The object of this arrangement i.s 
to obtain a heavier rush of current on that transmission line on which the 

special series relays used in connection 
with the Nicholson arc extinguisher which is installed on these lines, 
ests indicate that there is no harmful interchange of current when the 

® ^y^formers m parallel are grounded, even when these 

transformers are of different capacity or made by different manufact urers. 

milfion and particularly the trans- 

miss on lines see: (1) Engineering Data Relating to High-Tension Trans- 

XxillXT’ S-b;--niittee Report. a" I. E. I TkanI, Toh 

Ld Erectio^^’^f m Foundations for Transmission-Line Towers 

1915 0 iboi bF Trans., Vol. XXXIV, 

TransmissLn' T i ^ Operating Experience on a High-Tension 

p. 1243 . ^ Trans., Vol. XXXIV, 1915, 



1916] REPORT OP TRANSMISSION COMMITTEE 563 

Outside of the liglitning season only one transformer per circuit is 
grounded as a matter of switching convenience. 

On the Lancaster system only one transformer is normally used and 
consequently only one grounded. 

At present the transformers are grounded through metallic resistances. 
The system was originally run dead grounded from the neutral point of 
one transformer per circuit. It was thought that the ground short-circuit 
currents produced thereby were too heavy, and that some of the early 
transformer breakdowns might have been due to this cause, so a resis¬ 
tance was inserted between transformer and neutral ground. From tests 
and calculations made later it would appear that even with the present 
reactance coils the current that one single dead grounded transformer 
can receive may be dangerous, but that this would not be the case if several 
transformers of the same bank were grounded at the same time and that 
with all the transformers grounded at the same time, it would be quite 
possible to run safely without ground rcvsistance. However, this latter 
arrangement has not yet been tried out as a practical operating condition 
on the high-tension transmission lines. 

On the 13,000-volt cable system in Baltimore the arrangement of hav¬ 
ing all the transformers dead grounded has been adopted and been in 
service for the last year and a half apparently without causing any incon¬ 
venience. The reason why this system was adopted here instead of the 
former system where only one transformer was grounded through a resis¬ 
tance was to make certain of a sufficient current on a ground to trip the 
relays, which on account of the desire to get selective action of the relays 
between various substations, are set for rather high tripping current. The 
condition of running entirely ungrounded on the cable system has never 
been tried but would hardly be of any great benefit, as most of the cable 
troubles apparently start between conductors, and not as grounds. 

The first resistance tried for the transformers at the poWfer house were 
concrete blocks, which proved unreliable on account of lack of con¬ 
stancy in resistance and because they gave rise to arcing when voltage 
was built up on them. 

Cast-iron grid resistances were then substituted and have been satis¬ 
factory on the whole. The difficulties experienced with them are their 
limited heat capacity in the case of some ground hanging on unexpectedly 

long, and also on account of the occasional failure of the insulation be¬ 
tween grids. 

The ground connections used at the Holtwood power house are of differ- 
ent types. In the main they consist of: 

(a) Several copper plates buried in the mud in the forebay. 

(b) Twenty-four l|-in. (38-mm.) galvanized iron pipes driven 9 ft. 
(2.7 m.) in the w^t earth in the neighborhood of the first tower of the trans¬ 
mission line. 

(c) Several heavy castings lowered in the tail race (the connections to 
someof these latter were accidentally torn loose andhave not been restored.) 

(d) Besides the above artificial grounds an effort has been made to 
tie in all metal parts in the power house with the ground system and to 
tie in specially with such metal parts as are in direct connection with the 
river water, as for example, head gates and racks. The power house 
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grounds are furthermore tied in with the overhead ground wires on the 
transmission lines. All these connections are made solid and, therefore, 
do not easily lend themselves to regular tests; such tests are consequently 
not made, but occasionally inspections are made of the cables connecting 
with the ground plates, etc., to see that such connections have not been 
torn loose. 

From time to time other tests have been made on the individual 
“ground” and some of the results are as follows: 

(1) Forebay ground consisting of four interconnected copper plates, 
2 ft. 6 in. (82.2 cm.) by 3/32 in. (2.38 mm.), buried in the mud, 0.04 ohms. 

(2) Large castings in the tail race (three in multiple) 4.4 ohms. 

(3) Individual tower grounds on the transmission line, stubs set in 
concrete but grounded by means of a paragon cone and measurements 
taken with the ground wire removed, 150 to 350 ohms. 

(4) Recent measurements taken between all the power house grounds 
connected in multiple, and a similar system of grounds at the substation 
40 miles (64.3 km.) away, showed a combined revsistance of about 2 ohms, 
though it is not possible to say how much of this is located at the power 
house and how much at the substation. 

The current in the neutral is used to secure selective relay operation in 
the following way: 

One or two of the transformers of each group supplying a transmission 
circuit have their neutrals grounded at the power house. The ground cur¬ 
rent from any transmission circuit will, therefore, pass through the neutral 
ground resistance of that circuit, and this ground current acts through a 
current transformer on a relay, which latter opens the low-tension switches 
of the transformers connected at the power house to that particular trans¬ 
mission circuit. This system, from the very start of the plant, has given 
satisfaction in^respect to selective action on grounds and is considered as 
one of the main advantages of running the system with a grounded neutral. 
It is to be noted that the above relay action is quite distinct from the 
action obtained with the Nicholson arc extinguisher, the latter requir¬ 
ing a heavy ground current to energize its series relay, while the former 
does not require heavy current for the operation of its relay. 

The current obtained when an accidental ground takes place on the 
line will naturally vary greatly, depending upon 

(a) The character of the ground, i. e., whether it in itself contains 
appreciable ohmic resistance or not; but even if we consider that we are 
dealing only with “dead grounds” the amount of current will vary with 

the total amount of impedance in the circuit and will, therefore, depend 
on 

(b) The amount of resistance contained in the grid iron rheostat used 
in the neutral of the transformer; 

(c) The number of transformers grounded; 

(d) The generator capacity behind the ground; 

(e) The location of the ground, i. e., whether near the substation or 
power house; 

(f) Furthermore the ground current will vary with time, being greater 
during the first few cycles and then gradually dying out, due to the de- 
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magnetizing of the generators and the heating of resistance grids, in the 
neutral. 

In the following tabulation some results are given of calculations of 
the ground current as based on a number of oscillograms taken on the 
P. W. & P. Co’s, system to determine the exact value of ground currents 
for different locations and conditions. 


INITIAL RUSH OP CURRENT WHICH TAKES PLACE ON THE P. W, & P. 

CO’S. SYSTEM WHEN A LINE IS GROUNDED. 

Baltimore—Holtwood Circuit 


Number of 
generators 
used 

Number of 
transformers 
grounded 

Location 

of 

ground 

Initial 

ground 

current 

Ohmic res. 
in neutral 
rheo. per 
transformer 

3 

2 

At power house 

050 amp. 

58.4ohms 



At sub-station 

430 

58.4 “ 

3 

1 

At power-house 

380 “ 

58.4 “ 



At sub-station 

290 “ 

58.4 “ 


Hol 

-TwooD— Lancaster Li 

NE 


1 

1 

At power house 

280 amp. 

116 ohms 


The accompanying sample oscillogram illustrates the characteristics 
of such a ground current. 
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0 

4,0001 
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±400 g’ 
::200s 
--0 < 
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::600 
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“B" Phase Ground in Piney Island—Gen. 1 and 2— Trans. 1 and 2 
—Ground Stacks 1 and 2 — Voltage 10,500 Volts Before Test 


The operating record for 1915 of the P. W. & P. Co’s, system is given 
below, as far as single grounds are concerned without accompanying short 
circuits. It should be noted that in all cases the grounds were cleared 
without serious interference with the operation of the system and that none 
of them lasted more than four seconds. (Only in one case was a small 
part of the load lost and then only for a few minutes.) 
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NUMBER OF SINGLE-WIRE GROUNDS ON THE HOLTWOOD-BALTIMORE 
CIRCUITS. 1915, THEIR CAUSES AND THE METHODS BY WHICH 

THEY WERE CLEARED. 



Cleared of 
itself with¬ 
out relay 
action 

Cleared by 
arc 

extin¬ 

guisher 

Cleai ed 
by inter¬ 
locking 
relay 

Cleared 

by 

hand 

Total 

Lightning. 

1 

4 

1 

0 

6 

Sleet. 

0 

0 

0 

0 

0 

Birds. 


• • 

6 


6 

Insulator failure. 

0 

0 

0 

0 

0 

Total. 

1 

4 

/ 

0 

12 


Grounded operation is preferred as enabling a faulty line to be cut out 
of service promptly so as to minimize damage to equipment or damage 
to property or life of outsiders, specially since a short period of operation 
ungrounded did not prove of benefit in reducing disturbances from light¬ 
ning spillovers. An advantage claimed for an ungrounded system is that 
it permits service to be continued in the event of failure of insulator.s on 
one conductor, but it is rare to have a sufficient number of suspension 
units of one insulator string on a steel tower line damaged simultaneously to 
an extent to cause a permanent ground at that insulator, so that, as far 
as the circuits of the Pennsylvania Water and Power Company go, the 
advantage above claimed is of slight importance. The grounding of the 
neutrals should under certain conditions, result in subjecting the insula¬ 
tion of the high-tension circuit to a stress lower than that obtaining when 
running ungrounded. However, since the effort has been made on this 
company's lines to insulate rather against lightning than against gener¬ 
ator voltage (insulation for 110,000 volts working pressure being in use 
on a circuit having a working voltage of but 70,000 volts) such lower stress¬ 
ing of the insulators has not been considered a factor of importance. 

In short, grounded neutral operation facilitates certain protective relay 
operation, while the benefits to be derived from ungrounded operation 
in the sense of obtaining freedom from trouble from momentary flash- 
overs on a transmission line, or being able to operate for a length of time 
with one conductor grounded, have not appeared worth while in practise. 

The grounding of the neutral at the power house only, does not seem to 
influence telephone operation at all during normal operation. VT'henever 
a ground occurs on the transmission line and the current therefore is 
flowing back through the soil to the station, very serious interference 
with telephone conversations will be observed, but this condition will as 
mentioned ordinarily not last for more than a few seconds. 

Outside the lightning season, both high-tension grounds and short- 
circuits are cleared by overload relays and ground relays at the power 
house, and reverse-current relays at the substation. During the lightning 
season the Nicholson arc extinguisher equipment is put in service and 
given the first chance to extinguish flashovers on the line. In case this 
apparatus and the relay arrangement described both fail to clear the 
trouble, the field is destroyed automatically on all the generators at the 
power house and brought back again after 1.5 seconds. 
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As to the chief causes of interruptions, an idea will be had from the 
tabulation below, which gives a record for the year 1915 of all the dis¬ 
turbances on the Pennsylvania Water and Power Company’s system as 
far as they had their origin on one of the three Baltimore circuits. This 
record includes both grounds and short circuits. The disturbances are 
divided into three groups, depending on the momentary loss of load 
resulting from them, i. e., total interruption (T. I.), partial interruption 
(P. I.), and mere voltage or frequency disturbances (V. D.). 

Operating record for the Holtwood-Baltimore transmission line: 


Cause 

T. 1. 

P. I. 

V. D. 

Total 

Lightning. 

3 

13 

8 

24 

Defective insulators. 

• • 

1 

• • 

1 

vSleet on cables. 

• . 

4 * 

2 

2 

Birds on line. 


* 4 

8 

8 

Wires blown together. 

• * 

1 

4 * 

1 

Defective cable clamp. 

1 

« 4 

• * 

1 

Lineman’s mistake. 

• • 

1 

« » 

1 


Only a current less than one ampere flows normally in the neutral 
connection. The frequency of this current is not known. 

AVERAGE REACTANCE AND RESISTANCE OF BUS REACTANCE COILS 

USED IN SHORT-CIRCUIT CALCULATIONS 

Holtwood Bus Reactance Coils 



70,000-volt values 

13,200-volt values 

Reactance 

Resistance 

Reactance 

Resistance 

1 bus reactance coil. . . 

21,5 ohm 

0.35 ohm 

1.037 ohm 

0.017 ohm 

Highlandtown Bus Reactance Coils. 


70,000-volt values 

13,200-volt values 

Reactance 

Resistance 

Reactance 

Resistance 

1 bus reactance coil, . . 

30,8 ohm 

.0,381 ohm 

1.49 ohm 

0.0184 ohm 

Holtwood-Baltimore—Transmission Lines 


70,000-volt values 

13,200-volt values 

Reactance 

Resistance 

Reactance 

Resistance 

1 transmission line.... 

13.1 ohm 

12,1 ohm 

0.6330 ohm 

0.5850 ohm 












INDIVIDUAL REACTANCE AND RESISTANCE OF TRANSFORMERS 

Holtwood Transformers 


Oper¬ 

ating 

No. 

Office 

number 

Serial 

number 

Kw. 

rating 

Per cent 
imped¬ 
ance 

Per cent 
react¬ 
ance 

Per cent 
resist¬ 
ance 
(at 50°C) 

Reactance 

in 

ohms 

Resistance 

in 

ohms 

phase 

H. T. 

(at 25cycl.) 

phase 

H. T. 

fat 50° C.) 

1 

102. 

598555. 

7,500 

4.03 

3.82 

1.25 

25.0 

8 20 

2 

103. 

598554. 

7,500 

5.14 

5.00 

1.20 

32.7 

7 S3 

3 

108. 

298572. 

10,000 

4.98 

4.90 

0.99 

24.0 

4 85 

4 

109. 

30x699. 

10,000 

4.98 

4.90 

0.99 

24.0 

4 85 

5 

107. 

278098. 

10,000 

4.98 

4.90 

0.99 

24.0 

4 85 

6 

105. 

750832. 

10,000 

4.90 

4.84 

0.84 

23.7 

4 ] 2 

7 

106. 

750883. 

10,000 

3.57 

3.52 

0.72 

17.3 

‘•I 52 

8 

110. 

343227. 

10,000 

4.98 

4.90 

0.99 

24.0 

4 85 

9 

10 

111. 

1198081 

12,500 

5.0^^ 

5.03 

0.77 

19.9 

3.02 




.... 1 

.... 

• . • • 





HiGHLANDTOWN SURSTATION TraNSFORMiSRS, 


2 

207. 

360644. 

12,500 

5.32 

5.23 

0.95 

3 

201. 

237663. 

10,000 

4.94 

4.79 

1.21 

4 

202. 

237664. 

10,000 

4.94 

^ 4.79 

1.21 

5 

203. 

237662. 

10,000 

4.94 

4.79 

1.21 

6 

204. 

237661. 

10,000 

4.94 

4.79 

1.21 

/ 

205. 

278093. 

10,000 

5.05 

4.GO 

1.22 

8 

206. 

324822. 

10,000 

5.05 

4.90 

1.22 


l.Vl 

17.2 

17.2 

17.2 

17.2 

17.6 

17.6 


2.74 

4.33 

4.33 

4.33 

4.33 
4.41 
4.41 


reactance and resistance of generators and reactance 

COILS AT HOLTWOOD 
_ Holtwood Generators 




Reactance (at 25 c: 

'cles) 

Resistance 


Averages 

Num¬ 

ber 

Kw.- 

rating 

Starting value 

Final value 

at (50°C.) 

rield 

cur- 

H.T.reactance 




L. T. 

H. T. 

L. T. 

H. T. 

L. T. 

H. T. 

rent 

amps. 

Start 

Pinal 

H.T. 

resist¬ 

ance 

1 

2 

3 

4 

i ^ 
i 6 

7 

8 

10,000 

10,000 

7,500 

10,000 

10,000 

12,000 

12,000 

12,000 

1.320 
1.32 “ 
1.21 “ 
0.84 ^ 
0.84 
1.48 “ 
1.48 “ 
1.29 “ 

53.4 0 
53.4 " 

48.9 ‘ 

33.9 *• 
33.9 “ 
59.8 '• 
59.8 “ 
52.3 “ 

TT 

5.67 0 
5.67 
5.67 
4.53 “ 
4.53 
4.78 “ 
4.78 
5.60 

229 0 
229 “ 
229 ‘‘ 
183 “ 
183 ^ 
193 '■ 
193 « 
227 • 

.065lO 
.0651 “ 

.1075 “ 

.0649 “ 

. 0649 '• 

. 0651« 

. 0585 " 

. 0675 " 

2.63 0 
2.63 ‘ 

4.35 " 
2.62 “ 
2.62 “ 
2.63 “ 

2.36 
2.72 « 

275 

275 

275 

275 

275 

300 

300 

450 

49.4 

208 

2.82 


Holtwood Reactance Coils 



L.T. ohms 

H.T. ohms 

L.T. ohms 

H.T ohms 



1 

2 

3 

4 

5 

6 

7 

8 

9 

0 670 0 
0.520 “ 
0.520 “ 
0.520 “ 
0.525 “ 

0 580 

0.833 ^ 
0.580 * 
0.465 * 

27.1 0 
21.0 « 

21.0 “ 

21.0 “ 

21.2 « 

23.5 ^ 

33.7 « 

23.5 “ 

18.8 * 

0.01479 0 
0.01082 “ 
0.01082 ^ 
0.01082 “ 

0 01432 “ 
0.01582 
0.01495 
0.01495 
0.01405 * 

0 598 0 

0 437 '• 

0 437 “ 
0.437 “ 

0 579 “ 
0.640 “ 

0 604 

0 604 * 

0 570 “ 

23.4 

. 

0 545 
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From Public Service Electric Company, 

Mr, N. A. Carle, Chief Engineer. 

We distribute current at 13,200 volts, three-phase, 60 cycles, with the 
neutral not grounded. Several years ago, we contemplated grounding 
the neutral but decided at that time to install an arcing ground suppres¬ 
sor on the system. Since the arcing ground suppressor has been installed 
we have found that whenever a ground occurred, the surge suppressor 
would immediately make a dead ground on the phase that was in trouble 
and this would give the operator time to parallel another line or cable 
to take the bad one out of service. 

The surge suppressor has never failed to operate in case the system 
became grounded on any one phase, and has, in several instances, in 
addition to protecting the system, saved employees from becoming 
electrocuted when they came in contact with the 13,200-volt wires. 

We have found in many instances, that a line insulator may arc over, 
causing an instantaneous ground which is instantly stopped by the arcing 
ground suppressor cutting in. After taking out the suppressor and test¬ 
ing the line, we found in these cases that the ground had disappeared. 

If a ground occurs on a 13,200-volt line paralleling a neighboring 
telephone wire, it causes a very slight disturbance, the extent of which 
depends upon the length of the paralleling circuits; the amount of cur¬ 
rent flowing, etc. In case a short circuit and ground occurs at the same 
time, the ground suppressor going in would cause very serious telephone 
disturbances, depending upon the length of the paralleling circuits. In 
order to remedy any trouble that might arise from this source, we installed 
in the operating station in which the ground suppressor is installed, instan¬ 
taneous circuit-opening relays on each generator, so that in case a short 
circuit occurs on any feeder, the arcing ground suppressor cannot operate. 

In my opinion it does not pay to ground the neutral of a transmission 
system unless the voltage is moderately high, say for aerial systems 
above 60,000 volts, and for cable systems, above 22,000 volts. It is not 
so very difficult to insulate cables for 22,000 volts, and it is not particu¬ 
larly hard to get line insulation that will stand up satisfactorily under 
60,000 volts. The highest voltage under which we are operating at the 
present time is 13,200 volts. 

We have had no experience in grounding the neutral but it would 
seem to me that the proper place to ground it is in the generating station, 
and that resistances should be used so as to limit the current to an amount 
great enough to insure the operation of the relays in case of trouble 

Our 13,200-volt transmission system in this state is shown herewith. 

The surge suppressor is installed in our Marion Station, which is our 
largest generating station. We also have surge suppressors installed 
in our Perth Amboy and Burlington stations. 

The charging current for the feeders connected to our Marion station, 
which takes in what is known as the Northern Division, is approximately 
75 amperes. 

We have five per cent 13,200-volt feeder reactors installed on all 60- 
cycle feeders from Maiion and Essex stations, with the exception that 
the tie feeders between our City Dock and Marion stations, and between 
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our Essex and Marion stations, have 2.5 per cent feeder reactances at 
each end, making a total of 5 per cent between the generating stations. 

Between our City Dock and Marion stations, we have seven three- 
conductor 13,200-volt tie feeders. At each end of these feeders we have a 
seven-section selective relay which cuts out the bad cables in case any 
trouble occurs between these two stations. On all other feeders we use 
standard makes of circuit-closing inverse-time-limit relays. 

When a ground or short circuit occurs on a cable or aerial line, a test 
is made for location as soon as possible. If the ground or short circuit 
is of such high resistance that a good test cannot be made, the resistance 
of the fault is decreased either by further breakdown from testing trans¬ 
former, or by reduction with 600-volt direct current. The location is then 
made by means of a slide-wire bridge using the loop method. The chief 
causes are mechanical injury to the cable, defective joints, water in the 
cable (probably caused by a previous breakdown somewhere near this 
same location) and high-voltage disturbances, cause unknown. 

From Pacific Light and Power- Corporation, 

Mr, H, A, JBarre, Elec, and Mech. Engineer. 

The arrangement of the high-tension distribution has been such that 
it has been possible to operate alternately with the grounded neutral sys¬ 
tem and the ungrounded delta system. The experience with the un¬ 
grounded delta system has been so disagreeable that we have made up our 
minds that under our conditions a grounded neutral system is essential. 

The determining conditions seem to be the number of miles of line and 
the capacity of apparatus connected to the system. 

The business of this company consists of supplying power to the 
company’s commercial distribution, which covers all classes of load and 
includes some 15,000-volt underground cable; and of furnishing service 
to two large railroad companies, each of which has a maximum demand 
of about 25,000 kw. The total system peak load for the past year was 
76,000 kw. at the generating stations. 

The 150,000-volt, 240-mile (386-km.) line from Big Creek is served 
through delta-star connected transformers at the generator end, with the 
neutral of the high-tension side grounded, and delivers power through 
delta-delta connected transformers at the receiving station. One-half of 
these latter lowering transformers have a secondary voltage of 15,000 
volts. The remainder have a secondary voltage of 60,000 volts. The reason 
for this arrangement is that the base of the company’s distributing 
system is a very extensive 15,000-volt network. The close-in parts of 
this net work receive power from the substation directly at 15,000 volts. 
The remote parts are fed with 60,000-volt feeders. 

The 15,000-volt network, including the lines of the two railroad 
companies, embrace about 1600 miles (2574 km.) of line. The 60,000-volt 
system at the present time has about 85 miles (136 km.) of line. 

Connected to the 60,000-volt system through compensators are about' 
300 miles (482 km.) of 50,000-volt line. Fed from this line are about 
45 miles (72 km.) of 10,000-volt lines, and 45 miles (72 km.) of 15,000- 
volt lines, which are not otherwise connected to the net work. These 
10,000-volt and 15,000-volt lines were not connected during the time of 
trouble with the ungrounded delta system which is described later. 
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On account of the fact that it was desirable to make the lowering trans¬ 
formers of the Big Creek system of the same design for both voltages so 
that they could be connected in series for 60,000 volts or in parallel for 
15,000 volts, the 60-kv. and 15-kv. systems are in phase, hence they 
require delta-delta transformations at the remote points where the 60,000- 



Transmission Lines of Pacific Light and Power Corporation 


volt feeders deliver to the 15,000-volt network. This precluded the pos¬ 
sibility of a grounded star connection at the latter points of transforma¬ 
tion. 

Previous to the advent of Big Creek, the 15,000-volt system had been 
fed from a 40,000-kw. steam turbine plant of which the neutral was 
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grounded. After Big Creek commenced service, this steam plant was 
needed only in emergencies and over peaks and the opportunity for estab¬ 
lishing the ground through it was lost except during such hours as it might 
be operated. This left the 15,000-volt network without an established 
neutral, and it was found that whenever any trouble occurred which in- 
^volved the accidental grounding of a 15,000-volt wire, the flow of charging 
current was sufficient to set up very serious surges in the system. These 
invariably caused breakdowns at more than one point on the system, 
sometimes three or four points, and the damage to the service and appar¬ 
atus became a matter of most serious concern. These breakdowns were 
usually flash-overs or punctures of line insulators or bushings of trans¬ 
formers or switches. 

It happened that while this condition existed, a new station was being 
built at Vernon, in which was being installed, amongst other things, a 
bank of three 5000-kw. transformers with a voltage ratio from 60,000 to 
15,000. As an experiment, the 15,000-volt side of this bank of trans¬ 
formers was connected in star with the neutral point grounded, and the 
bank connected to the 15,000-volt bus bars. The 60,000-volt side was 
delta connected, and being, therefore, out of phase with the 60,000-volt 
bus, was left idle; in other words, an idle bank of transformers having 
closed-delta secondary was used to establish the grounded neutral on the 
15,000-volt system. This bank had a very large capacity, full load being 
something like 600 amperes. 

It was found that this effectively eliminated the surges and that after 
its installation whenever line trouble occurred the effects were localized 
in the section affected, and in practically every case the system of opera¬ 
tion employed to sectionalize the net work, both automatically and man- * 
ually, has served to protect the service. Some troubles have occurred on 
the 60,000-volt system, but since there is a ground established to it by con¬ 
nections to another plant, they do not at the present time appear serious. 

This is largely due to the fact that the 60-kv. system is of compara¬ 
tively small extent and when it grows, a system of connections to establish 
a grounded, neutral of large current carrying capacity will be necessary. 

From the foregoing experiences, our conclusions have been that under our 
conditions on a large system, the power stations should always be operated 
with a grounded neutral connection on the line side of the transformers. 
The generator side should be delta connected. At the receiving stations 
and distributing substations the delta-delta system is preferable. 

We have not found the installation of resistance in the neutral of any 
advantage. The difficulty of making a good ground answers the resistance 
question. 

On the 150,000-volt Big Creek lines, accidental gi*ounds are handled as 
follows: 

When the operator at the power house , sees the recording ground 
ammeter showing a ground, he reduces the generator field by cutting in 
a special rheostat installed for this purpose. As soon as the ground 
ammeter drops back to zero he cuts out the resistance and the voltage 
comes back to normal, and the automatic voltage regulator takes control. 
This resistance is not cut out all at once, but the time which elapses from 
the time the arc breaks until normal voltage is restored, is from five to 
ten seconds. 



Arc 


574 REPORT OF TRANSMISSION COMMITTEE [June 27 


22SOKw.~. 



moo^ Hw. 

Keene^^ f 
A£0 kyf. ! 

SQOOOVf? 

Sfrond Sff.SfeeE, --J 
Wre, d.S/ii. 


'Z^lOOQHw.lim 
. Gens. 
'jISKw. 
^'WestBus 
' \^-Ea sf Bus 

Borel-fndian 26 Mi. ) 
Tofsabelfa FUmpingPl'f. 
12000Y. No. 6 Copper 

INDIAN 

BIG 
CREEK 



h f a 


Borel-Bogle 
Rock Conaf'rsi H I 
No Solid Copper 
Spacing 5 ‘a 


I 


Indian-Oak 

flOAK 


PH. N 22 ^ 7 ///: 

35,000 Kw. 


LAKE 


f] 

I ‘ < 


—r~T 


j 


rpa 


moo V.& 2400 V. 

Oak-Lake 21t1i.J ISQOOO V.->- 

LANCASTER 

GOOkw. 

'5Q,OOOy. 

NaSWire SpacS'A 
llHi. - - 



VWOKw. 

6ens^ 


ksOOKw. 


r'f 


i i 

J 


{J 


Trans. Sank {§ 

y 

\00V 


tJ ii 

X X" 

a 


i i 


tig CreekPh.No^ 

^MJHi. . 3.6 Hi. 
Strain Insulators 
‘^’TOLLHOUSE 


=Ft= 
i i 


n^OOKw. Gens. 

\mov. 

USOOKw. 
'"Trans. Bank 

150,000 V. 

BIG 
CREEK 
PH. N21 

35,000 Nw. 


% 


Tollhouse-Haqunden l2I.SHi. 

, , 7 1L500 Cti. St. Core with 605000ALCable 
^“"1^ j Spac. n'-S' Horiz. 

MAGUNDEK 


45 Hi. 50,000 V. 
Line Feedin 
45Hi!5000 
V.Line 

4S0Kw. 


SOMIS / 
Na4.2 Copper 
Spac 5'Vert 

■ 1 

..S' 



Lake-Newhatt 
25 s tfi. 



^•Nag unden-Bk. 100.5 Mi. . Line Ho. 2 GO.OOOV E.R.tO Vernon tSttUm Ocm ^ 


i 

1 

'5^ 

^KVji 


No CopperSpac.5k f—j;; 

Kc^tropico 




HOLLYWOOD 


'NEWHALL 

\tkwhall-SanFernande^ 

-450 kw. - ^jftr 

^ SAN 

FERNANDO , , 

San Fernando-EP. 24Mi. I 


, . ,, MQKv.Buir . 


Strand Spac. S 'Yert 

\pBlank ,yTi.R.- YerdugoRd.S.4Mi NoStrandSpoc.5'Yert 
TLineNo.l 7Mi. 605.000 CM.AlwJttilSSQOCM. 


rC: 


Borel to £R. 1275Mi 
Glendale 


K r*o»44«^>«» L H I f -o.4-FlSS^| 


\ St Core Spac. S 'flat 
Y Line No. 5 East E.R.-kern Sub. 0.7 Mi 


■ 15000 kw. 

. Trans. Bank 


’^-SOOO'kd.’i?- 

Condensers-^ 


EAGLE ROCK SUB. 

Sticgmore - Tropico 5Mi B.R. - Sgcamore 2 j Mi. 250.000 


CM. Cable 
SYCAMORE 


20 Kw.- 


^ SOOkw. 


OIL WELLS 


kS. - YerdugoRd. 4.4 Mi. 
No Copper Spac Sa--. 
605000 CM.AL with 75500 CM. St Core 


BJt.-Yerduqo Rd. 250,000 CM. Cable Spac.5'\ 
Yert S.4Mi, 


Countg Hospital 


KERN SUB^^ 


, 5Mi kern Sub to r 

|,| N&O-Copkt 


Spac.3lMo.3Vck 
>>? " 

HURON^'"'^^' 
L.A.RY. ,»1 
East Mo. d I 
g Mi tokernSuL 


_i 

‘ S3-0 

L! 


»-L<i 

oJ-C 


i>J-o 


S3 ' 


“L 

L_s 

I 


1.5?^ 


F] n h 


lA. Ry. Line-'' 
5000V. 


500m 


ARDMORE 

LA.RY. 


2400 V 


250KW. 


, \ 
7^ Mi kern Sub. to Vernon,'^ 

ST. SUBfff- 


nsokwt 
tSKv.-^ ■ 
'I' 7 7 71 

h H 






/ s ’ as I ^ m 


2 S 0 kw:'o.c. 


l500k.VA. 
I5000V 




B.Li ne | 
'■SOOkw' 


iOOkw. 250kw. 

17.2 Mi. Vernon -ER.'" 


12''-” ST. SUB. 


V.jr Mi. l2^*^StSub.to 
3'^° ST. Sub. 


3 Mi from Main Une- 
No.4 Cogger 3 Yert 


CENTRAL 
A.RY 




UNIVERCITY I 

SOOkw 1^ 


COVINA JCT. 


SSdkw. 


CENTRAL 
P.E.RY. 


2400 V. Local See 


W.\ 


Cl. 




\No5 






2500Y. SOOO'V. 


LA. Ru. Line 


TZs 

' 

m 



305000 CM. spac. 400000 CM Cable. 
S'Yert; Spac, 3'a 
_ Copper-., _ 


Redondo-Stauson IStfi. 


J_ i_ 


•' I 600(^0 V. '^ 


•o4S**|'— 

4 i ri ♦ i 


4 . ^7SOOkw 

, IPOOOkw. f “1 

iGenmOvll 


J. _ i 


TTf-i 


H 

@ 


mJ 

il_i 


LineNo.ll-3iMi Vernnn- 

LineMoU 250,000CM. 
SLAUSON Spac.£' 
L.A.RY Yert. 

Redondo to Vernon tSiki 


0WATTS rp=:TZ 

5,'Hkz.tYert. 
ok 'uson Y 


rcij 


6t)kY. Bu s 
ISkv.Bus. 


Line / 
tlat-'i 


tOit li. Cmaf^n. 


L.A. Ry.''' 2- Vo Solid Spac. S'Vert&Irreg. 


Redondo to Dominguez Sub. HMi 




@ 

5000 kw. Gens. 
ISOOO V. 



VERN ON~SUB 

\ernon '^•-6000 Y. Line to'' 
Copper Redondo 
Spoc.2'F/at 

LAGUNA , 

P.E.RY. 1 


REDONDO 


DC3(M1NGUEZ 
P.E.RY 

BMi to Domingue'z^ 
Mo. 4 Copper Spac.l 
2' Vert. 

■ IS Mr . 


nskvY. 


'"fer 




ARTE.' 


t75li 

-5ff 


.-to Mi. 

HUNTINGTON 


Diagram showing the Distribution System 















REPORT OF TRANSMISSION COMMITTEE 


iH' 


»w ■ 




•1# »!■' 

■ 1-. 


" c 


lERRA 


.r 


I»" it. 

1 icti'* 

■ ^■vuft 

.. *€ 
rt 


4'^: 
' ■ 

■1-. 

...if. 


■■'!■' ^ 




■{ 

h 

4 * 

i .!,,;".i f t 
? 


, 4iiKt 

' mmm 


"'ini ' I 

■'*■ ' .1 " ■ f " 


*|4, * , ; 


I'-S'' 


.'4*, 

- «.* ■ ' 

L * 1 


»’i ;i 


i- »4 


ijj. L rss-^f ..^ 

' ^ «-»■ •• ^• 

^ .*., s -k E..>t *- 

^ j f •••. ^ |.k -W.- . ' "■ 

.’Ma S-4'^s4!* *4 

.-fr. ^ W •: • V, 

'■f«- • 

. ^ - if • t-'« ' I' 

: ' I» J j(, , ■ ; 

if 4 (f-J-S'-fii; . ^ 

:■ % ■■ 

' -r 

. H... , 

?: +.V>v;' •, 

. R.: ' 

5 ^ ».. »-■,.•.■ 

.. T 


7'7'i ; *i 


\ '■ 
; i 

'%. : 


^ ii 


\ ^Ci' 


jf I , f 
f 


Ui ' SI ONE 

Ui: CASTLE 

h : ? -• ' '> 

T,\\ I ! : 

'i ' 


‘K 

! 

I 


fSiiX^Art' (V?? 


« I ' » ■ ? , 

<■ k" :* 


HeHTOHi: "■I-’' 


!> I 


c i 


: AZUSA 


|;:: 
I 'V'i'il 


♦ •iY' ■¥„t’'",'"'.,.f^.'.^f^ 

'■^is I* : i'f-0'!- 4ff‘>ri.'fy /f ■?'•>* 




» 

i- r» 


i. i . « •■ ' '■ 1’* ' i ■■■ ■ .'* I 

'Er'*fL ‘ 


;■■■'■''r^v W/-V ^ .1* _ , , 




■« ■ ii" 


I'.WsHA 




C !■ ‘1 


•** if-r» !# 


''O''?./v.‘,>f 
■W’# 


|f ■** •' 


■ ■ ■■'* #a- ' i 

LAN iil.HHABiMHO’ 
E }■ MT sy» 




' ' f 

••4 ^» 

^r..O .O 


II 

„., f pT.!^SW'':4 


- ; I 

' U.. 




f. 


l0f 


• < 

#l 

** ' 

. #.» 
#l '■ 

i s 
• I: 

Ar? 


! t 

I * I' * 


' weHflMl,|,0 

* 4'1 4m 
M:'4i |,|^i|i 


^ I w 

< '?* -4 
k ; <• 4 iT 

O ^ A 


:. f t • 

I 

■' ! ^ 

;|J 

v1r 

'*J 

t 


y.. 


f-V ' ; i 0 i 

f:. 1- ^ ii 4^4' '.' 

■^.|.. Hiwiiwi: 

,'*s' ’ i: 


?v 

^ '■ . *• 


': • ^ 

• ■ V 

4 


■ 


*, '•# V t f .* ') i '* 


pimxf ■ ®".| *. 

•" ■• s'i" 


* 'T 




A 

mhAiy 




. :: f J' 

' '■'; B 

*i i , 

V.; ! i< 

1 I 

vL ; > 
1 

* ; i. 

A' I Z 
.11 


, ■ /LW i’ I ' * 

i' & ', • 

..■ l...mMA.O I 

i.*;| ■ ^ '. 

t EH«,cr !»«r 

f StA'Tl§H 


» • 





iiiiiN'fi BfAiii 



II" 


IJC»IIT AKII PoWEK CflUrollATiON 





«■ Swf-% 

.1 * O 


,1 IJ 


* V i| 


* iH... 


tJF i'MA XS Miss it c 't i M Mi i' il\ !•. 


s I 


i 


At the riH-eivuij,: !.< a* R.Ru/ 

Jilt!*.*!!:-*'!',,; a.t. t«!U''(:..‘ IjV ! hi' .-aL-’a" ' ^ ' 


hiti.**'', A"' -if' 


'i ;|t;'' ;^re,';v f | >Ul * J Ji 


' ^ T i i ? 1 m" 

' V'(, 4 taiy:* !' 

■’: 1 mh* ?) M f ‘ 1 * j i ' t ,1 ., f 

V «. S c. k, i 4 -* ^ ^ ^ 4 

1, 



i :> t \' '!', 

'rilaf:'. >il * 

at' fsifah-r h<.n.!M 

If » ' 

1 ^ f 'a k .I. i f i * 4 ii 

t f t ^ 

^ '■ 4 fc ■■■* 

t i i 1 M ''■ ^ ? •' V 

i ai v,,it •■: : 


I' 


i| 




f « f;,.. 


aurt.ifnaU*‘ i ircua hrrakia’';, An- ;:-va.'/5 
t. r* i" 51 A % aMh i! ; h.*,' 'hi'*"! i.ar-'aa >. ..r ' -■ 

anh !ar!! s-r-a! fath h..?' 

a!»* < a I i a t h'» tia' a; . ait' in'*'' 

'■ ^ •• >•- 1 ^ ' .. . I A . i i 


% 


Ills f,f;r 1 

.ah llUli 

■v.k'* 

'* n i. ' - « 

f W'H kS!h 1 



Ihl':-!., ' f'f 

ih4'- ;a 

“ ■ - 1 ^ ■■; 1, 3 ^'i 

Vi: i r!|r 

. -l! 

r* 1, 


iu- A in 

f 

■2 r-? r ■' m ' 

«- i H *' v. i :.. 

l> * ■ S' -4 

* 4 .' rsaat,' 

f T' N J" '■' ■ 

- i ^ a, !• ■: ^, , 

' f k' 1 1 

‘rr’ ®A'a: 

! i- 'M ■,. 

!,V 

I,- '".ui 

» 

i. - ■ I 

^ ■ i. . 

* ’'' :,. \ 1; 1 1 

un-r as 

> fV'r a 5 


■ : i . 


a?; ^ ? 


■“nia :><;» R, ' ms ua ^ ahttvt' ^ 

Ni'i'ufl'h f h»" >' »* Jli'T aia I !|a a 
Uvrl Vf ijr fil'rr-a i:a,-aa tavar ♦■■a,. !: v*' a 




WiAlhl S 

ajal iii;* 




quajiar;, m| I |a- lifif-. 

n«f,,:,it.'jr‘ a4' fl'ia lafhtlUII., Vt^! 


aia! i 

:«y I -.alra'.'., 


r'a'lil.aifiiMy 

t »| hr k 

■iilliltlra !*ff 


laM,r< ',vau hr?'-; 

> 

' ■ * v'k 

■ i' ^ - ^1 M ‘ M' 

: i ..: 

h yr* 'aah. :ak.; .,->,*■ 

■- '• , i.' 

'. vV! 

. 


* r'f 'aae:* ■. aa .)• ;. 

K %. i 

1 ; f 

■.I’l- 1 ^ :■ „ 

':'4» 

i'. fi V*’ a ■ ! 

..- ■ h ; ■ 

■ ’ V r'' ^ 

4 4; '4.ha?*':< 


^ . .. f j 

<:*a r »'■ f‘ .: Si,i. 

,; v'. * 

1 , .! t ■ *,:■ - y I . 

; ;;*■;■ S ■ * 4 '' 

fit I'.*: 

V' '4 r-ra' 544 f y .,■ 

f ■ 

; a'■■■,.( 

4 ■ .. ■: !, *; 

■4!'"ri,*', '.r 

1:1 V 

lih;," ',.ri4a 5 ..; , f 

a .4 

^ a.b: 4.4 

• t- •■ ■ !« K, '^, . . 

Vj ' , . .'I, » 

4,« 

' » " ' i * ! ^ a J q i ■;: i i ■ ^ ki '*4 

' : it ' 

■' ;h.. 4 

'4' 4:'- 

i ' |! 

kr*a, q;;rr arr 


' ?4jr4, 

- >: ■ . ■ !•; is. , ■ ij. 

1 f.,. 

■■ ■ <l . ■■ 

■■)■ ■• S ■■ f * 1 *» . r . 1 i -, ■ J :■ ■ 1 1-. « . 

' ■ t: ^ i; '!■ t )- 4- |( 1, }• i , r J 


'i; 54,.ihf 

■'i'. .'1 . ^ 

h' r ? J ; 

* V 

* f‘k ’ i ^ ; f.' * Jt 1 4-v . i- S A * 

;■ h) 1 > fi a ; ?.. 1 ^ ii. e • » •■* .. t. !, 1 


4:; h- 44" 4 S' 

hv Mtl'I'Jll;. 

'.''i *i 

■ !■ * t * f , ■ ■ nl,- : a .; ; " ., 

iM ':. ■ i 

.4 

, ... „ .,. ,, )i.), 

a4" lid 

1 |i V 

iiis; A;;»' f 4.^' | .a 

, 4.' 

4: >" , f !: v 

■■si,.., > i' .W 1 

' /<««■•; •,. ■ ■■■ % i ■■•■ 

' , > i 

f !j*4"?' !'a ■ 5 hi"*H" ^ 1 

'■ • ' •!. 

'.*■' t:. d '!;, * 

H > f ^ . A.' , V . 

, ,i i ■ ■ ■■ '■ ■■ f 

i . .i' ■ 

4' a -a,si » dir , d [T^ , 


|. •■ i- . i .i- 1 *. 

, ’■ t (f. ^i i „ 

«■:, ■ •■■’ 




t'XM 


hi'"' I'* ifhi'rrafaal l*v tia- ^a*:*. Ui 
iM-Mi:. ;rre iiij.ff*i' ihi: x'nntun m!' ? 

«\f }i s| lli.'f' iiail: f’ I q !.f'i'r||alf' 1 : Rfu’ 

thaMtl:'; ;,umI anriil,f,r arriilr'i-f. ^ SK-inivhuv -a; ^hr 

.\ aufi:Mf||»}',||i|r jjfifahrf »4 |;,.■ saa'a*'"*n'■ '-■<■ 

Hh- iaiatiaurd faihirr ui a ? !a ■.■, -a' 

af),l|{|i}..vr»}f.. lira*:;, alarb hat'r h»-r!; Mara.a 5 ''.a 

aia'iri:. t.n he a t'uisliinaai - *haavf UiAu^ti ,4 m- 

whir'll ffrn.'iarie,, nralacaihr. ai !feiV'- |Kfr'‘r -a 'h-'' ‘ < r 

i:aa!iililji,ni;.; aj'j. riiMrf. :..f'V'‘'i>v 

'Mi*' au.h|ir'it:.|Mfi iiiMilaf.Mr:-, *iaM .-aa- *4 at. 

^luunrd a, Iiyniher af I.Mlfira:. alllaaiafi raa laMy';.. ■, '^rrr!' I'a " 


a '. r- 


. * I" 

' i' b ' "i: j:,' 

av.ah|*M' 

* i ' s'j 






iint: lia.'f, |r.|j. ‘aira-M .-.jui |,j -haaiiiaaaa 

tiiai* la |,:>ri,'V(ail fraiif»|M„ 

f hf.‘ i:»ftly fhJiar rertan .: v,iUA-: nt tliUrftmSluti r. R;;,. , .aal ■»?*,** a. as sh 
niyr ta|* ami da;:;*,, saiunin* 'yrrai/a leahaar aviT Ha- i-' ...,,.1,:' 

ffuthcicm, rnruMi u> .ri ,h,- 5 ,..!,. a.-, hi li,.- f-iv -.Ih'hAhh. 

tioit;; ironi tins vmv.,- huvr j,r;,.v i-iiif;;.-.,,*, ,| i,-, - 

ot flcctru'iiUy .•-Iiiiifrfi!,*; Hi,. ,,|;,i||,,,,,|. 


}ir T'Al^yihrn 






1916] 


REPORT OF TRANSMISSION COMMITTEE 


577 


No complete detailed analysis of these various kinds of trouble has been 

made, so that I am not able to give you more than the above generaliza¬ 
tion. 

From Mt. Whitney Power and Electric Company^ 

Mr. Fred G. Hamilton^ Supt. W. Dvu, 

This company is operating practically 200 miles of 33,000-volt trans- 
^mission lines. The lines are arranged in the form of a figure eight and are 
fed by four hydroelectric and two steam plants. 



• Generating Stations 
O Substations 
—Transmission Lines 


Transmission Lines of Mt. Whitney Power and Electric Co. 

The neutral is grounded on each hydroelectric plant, but there is no 
ground at the steam plants or any of the substations. 

The elevation of the hydroelectric plants is practically 1150 ft. (350 m.) 
while the substations are located at an elevation of 350 ft. (106 m.) 

It has always been our method of operation and we have no data upon 
non-grounded operation. We have experienced no particular difficulties 
particularly chargeable to the grounded system. We have had grounds 
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Bradley Sub. 




grounded, since there were many cases of grounds which would clear 
themselves without disturbing service and some cases of dead grounds 
which permitted the continuance of operation until repair could be made. 
During the winter of 1912 and 1913 a number of systems were paralleled 
and since that time many extensions have been made. With the enlarged 
system we are finding that practically all cases of grounds develop into 
serious trouble and it is often difficult to localize the disturbance. 

From the Chicago and Interurban Traction Company, 

Mr, Robert J. Bell, E. E. 

We have a 33,000-volt three-phase 25-cycle transmission line, extend¬ 
ing from the Public Service Co. power plant at Blue Island, to Bradley 

Ill., a distance of about 45 miles (13.7 km.) This 
line consists of three No. 4 hard drawn copper 
wires placed on 35-ft. (10.6-m.) cedar poles spaced 
110 ft. (33.5 m.) apart. 

We have three substations on this line with 
one 500-kw. synchronous converter in each of 
these stations. The Bradle}^ substation has, in 
addition to the converter, a 500-kw. frequency 
changer, 25 cycles to 60 cycles. 

Our transformers are Y-connected on the pri¬ 
mary in all the substations. At the power plant 
they are Y-connected on the secondary side. 

We have a telephone line on the same poles, but 
do not experience an}’’ serious trouble. There is 
some noise but not enough to interfere with 
service. This line is transposed at every fifth pole. 
The neutral connection at the transformers is 
grounded, and we have not experienced any 
trouble therefrom. We have experienced one great 
advantage by grounding the neutral, that is, in 
case of line trouble, where one of the phase 
wires becomes grounded, we are able to test out 
and find what phase it is, then have the discon¬ 
necting switches pulled out on this phase at each 
end. We are then able to operate on the remain¬ 
ing two wires by the use of the grounded neutral. 

This system has saved us a great number of 
hours of shut-downs and we have had no trouble 
caused by this system of operation. 

As to the advisability of grounding the neutral, 
while it may not work successfully on all systems, 
I think it' worth while to try it out, especially if 
the transformers are not loaded too heavy. 

We operate grounded at the substations and at 
the power plant. 
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We lost some insulators during electrical storms (which having the 
neutral grounded may encourage). All our trouble has been from direct 
lightning strokes, 
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It makes our telephone line a little noisier when we are working on 
two line wires than otherwise. 

A geneial layout of the line with the transformer connections is shown 
herewith. We have an overload relay on our oil switch which is set to 
trip out on normal overload, and we make use of the current to ground 
when we are using two line wires. 

• These grounds are cleared by linemen sent over the circuit. The causes 
are various, but very frequently can be traced to a broken insulator. 
I think no current flows to ground through the ground connection but 
have never made any test to that effect. 

From A lahama Power Company, 

Mr. W. E. Mitchell, Operating Manager. 

Our experience here in Alabama has caused us to become firm advocates 
of the grounded neutral on our high-tension system, and grounded solidly 
without any resistance whatever. This is based on about nine months 
of operation with it ungrounded and a year's operation with it grounded. 
This matter is discussed somewhat briefly by Mr. Dewey and myself in 
a paper which we read before the S. E, Section of the N.E.L. A. in Septem- 
bei of this year. We found that our insulator troubles in the way of break¬ 
downs and flash overs were much worse and much harder to locate and 
control when ungrounded than whem grounded. Grounded neutrals also 
made it possible to use the selective relays for cutting out immediately 
any section of line which might be in trouble. The grounding of ^he neu¬ 
tral turns any^ arcing ground immediately into a phase-to-neutral short 
circuit, which is much simpler to handle and to relay for than an arcing 
ground on an ungrounded system. 

From The J. G. White Engineering Corporation, 

Mr. C. D. Gray, Electrical Engineer. 

My personal opinion is that systems up to about 38,000 volts should 
be operated with isolated-delta connections, although this depends upon 
the local conditions under which the system under discussion might be 
connected. For systems above 38,000 volts I believe the star connection 
with ^grounded neutral to be the best, although in this case also the local 
conditions would influence a decision as to whether it should be star or 
delta. The locality in which the line is to be operated I believe has a 
great deal to do with it, and also the chances of interference with telephone, 
telegraph and other systems of this kind. 

Our experience has been that the delta system has less influence on 
telephone and signal circuits than the grounded-neutral connected system. 

A great disadvantage of the star-connected grounded-neutral system is 
the fact that the circuit breakers are thrown out on trouble on any one 
of the three wires of the system, and that it is practically impossible to 
operate with one wire down, or with one transformer out of service in a 
bank of three, unless the conditions of grounding are very favorable, where 
as with the delta system the open delta-connections of transformers can 
be used temporarily at least without causing a great deal of trouble. 

Another point in favor of the star-connected grounded-neutral system 
is the fact that trouble on the line can be located better by means of the 
Nicholson or other similar testing method. The line insulation has been 
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584 REPORT OF TRANSMISSION COMMITTEE [June 27 

Discussion on ‘‘ Report op Transmission Committee/’ 
Cleveland, Ohio, June 27, 1916. 

N. A, Carle: I think that in general it is recognized that higher 
temperatures occur in transformers, motors and generators 
at altitudes above 600 feet than for the same loads at sea level. 
At the present time, I understand, the Standards Committee of 
the Institute is trying to determine a suitable corrective factor 
or formula to meet this condition. 

M. O. Troy: Mr. Carle has correctly summarized the matter 
when he says that correction for altitude is one of small magni¬ 
tude. 

Operating men, who in the past have bought electrical appa¬ 
ratus with reasonable margins of safety, in all probability have 
not noticed any effect of altitude, and for that reason so state 
in their reports. If, however, they had measured their loads 
and capacities carefully and compared the heating values so 
obtained with those obtained by the manufacturers—in all 
probability at lower altitude—they would have found a dif¬ 
ference. 

In the standardization work of the Institute, we have tried 
to establish safe but definite temperature limits of operation. 

I think there is no doubt that modern apparatus working at 
sea level to the limits prescribed by the Institute will exceed 
those limits if the apparatus is operated at the high altitudes 
under discussion; and if the sea-level temperatures represented 
a maximum for the safe operation of certain classes of insulation, 
the temperatures at the high altitudes would go beyond safe 
allowable limits. 

^ Correction factors, therefore, should be recognized and defi¬ 
nitely established by the Standards Committee as soon as 
reliable data are available. 

Peter Junkersfeld: Our experience in Chicago with the 
grounded neutral covers the past fifteen years. The first exper¬ 
ience was the initial installation of the four-wire three-phase 
system of primary distribution operating at 2300/4000 volts, 
60 cycles. This system was extended so rapidly that in a few 
years it absorbed all of the older single-phase generating stations, 
and^has since been the standard arrangement in the Chicago 
territory. 

Within a year after our initial experience on the 60-cycle 
system the voltage on the 25-cycle system was raised to 9000 
volts and the neutral grounded, which has since then been stand¬ 
ard practise on that system. 

Both of these systems have grown so rapidly that the exper¬ 
ience in Chicago with grounded neutrals has been quite extensive 
during the past fifteen years as may be illustrated to some 
extent by the mileage of cable or conductor operated with 
grounded neutral, which at this date is as follows: 
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OOOO-volt, 25-cycles, 3-phase cables undg. 485 miles (781 km.) 

20000 “ 25- « 3- " " “ 83 « (132 km.) 

12000 “ 60- “ 3- « « " “ (254 km.) 

726 

2300/4000"volt, 60"Cycle single conductor equivalent underground 1518 

(2444 km). 

2300/4000-volt, 60-cycle single conductor equivalent overhead 7850 
. (12638 km.) 

The reason for stating the last two in conductor miles is that 
there are a considerable number of single-phase branches con¬ 
nected to the three-phase four-wire circuits. In such cases and 
also on some other circuits single-conductor instead of three- 
conductor cable is used. 

The 25-cycle 9000-volt system is supplied by turbo-generators 
ranged in capacity from 12,000 to 30,000 kw. This system is 
divided into sections, so that the generator capacity connected 
to the largest section does not exceed 80,000 kw. Three of these 
sections are interconnected by tie lines with protective reactance 
coils, while the fourth section is connected to the system by 
means of underground tie lines about 8.3 miles (13.4 km.) 
long without reactance coils. Our standard practise is to have 
the neutral grounded on one turbo-generator of each of the four 
sections. The neutrals are grounded through iron-grid rheostats 
having a resistance of 2| ohms. One of these rheostats is pro¬ 
vided for each system section, and is connected between ground 
and a neutral bus, which can be connected by means of an oil 
circuit breaker to the neutral of any turbo-generator on that 
system section. 

The neutrals of the 12,000-volt 60-cycle turbo-generators 
are grounded in a similar manner through iron-grid rheostats 
having a resistance of three ohms. 

The energy for the 2000-volt 25-cycle system is supplied 
by means of three 5000-kw. three-phase transformers stepping 
up from 9000 to 20,000 volts. The primary is delta and the 
secondary is star connected with the neutral of all three trans¬ 
formers grounded solid. 

The 2300/4000-volt 60-cycle system is supplied by 25- to 
60-cycle frequency changers and 1200-volt to 4000-volt three- 
phase transformers.' The transformers are delta on the primary 
and star connected on the secondary. The neutrals of the 60- 
cycle generators and of the frequency changers are all connected 
solid to ground, and the same is true of the neutrals of all of the 
transformer secondaries. 

The experience with grounded neutral on the above systems 
has been very satisfactory, the principal benefits having been the 
following: 

1. It insures the prompt automatic disconnection of any 
faulty feeder. 

2. It prevents the existence of delta voltage to ground on 



586 REPORT OF TRANSMISSION COMMITTEE [June 27 

other lines and apparatus in case of a ground on any part of the 
system, 

3. It helps in locating breakdowns of lines and of apparatus. 

4. It prevents arcing grounds and therefore voltage dis¬ 
turbances. 

It must be noted that the last statement refers to specific 
conditions. Under some conditions differing from these it 
may not always be advisable to ground the neutral. I with 
several other engineers made a rather extensive inquiry a few 
years ago as to the advisability of grounding the neutral on 
33,000-volt overhead lines connecting cities and towns in Illinios. 
In this case it was decided to install a delta connected system 
wdthout grounded neutrals, except in such few special cases as 
might later prove to be advisable. The reasons for that decision 
w^ere as follows: 

1. The general secondary distribution system was four- 
wire 2300/4000 volts. As this necessitated a star connected 
secondary on the step-down transformer, acknowledged good 
practise determined a delta connected primary on these trans¬ 
formers. 

2. On account of consolidations, it was necessary to operate 
in parallel a number of different properties, and because of 
phase relations it was found most advantageous to have the 
step-up transformers at the generating stations star connected 
on the primary and delta connected on the secondary. 

3. The argument, that with an ungrounded neutral the system 
could be operated in emergencies with one phase wire grounded, 
had considerable weight. 

The 33,000-volt lines have been built so rapidly during the four 
years since the decision referred to was made that they now 
aggregate 1000 miles (1600 km.) in Illinois alone. These lines 
are not all owned or operated by the same companies, but in 
this mattei and in many other matters follow the same jDrincipal 
engineering standards. 

I will repeat, that on the overhead system the experience is 
still too limited to draw absolutely final conclusions, but as far 
as the underground system is concerned, covering a period of 
fifteen years^ and the large mileage mentioned, we feel under 
those conditions that grounding of the neutral has proved 
a wise course. 

E. E. F. Creighton; There are some cases where the neutral 
can be judiciously grounded, and there are other cases where it 
^better not to ground it, if the proper precautions are taken. 
Ihe greatest objection to a non-grounded neutral at the present 
tiim IS th^ arcing ground, and the result it gives on the system. 

David B. Rushniore: In connection with the installation of 
the vanous transmission s\^stems in this country, there has been 
a. continual discussion regarding the relative merits of grounded 
Y and ungrounded delta transformer connections. As 
e ectncal apparatus, and especially lightning arresters, have de- 
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veloped the situaton has undergone different modifications, so 
that in some places one and at other times the other connection 
has seemed desirable. 

Transmission systems have, as a rule become high-tension 
distributing systems, and the network of overhead wires has 
become greatly extended and the load situation much more 
complicated. The important question of operating so as to 
deliver continuous service has brought about the development 
of automatic relays, so that disturbances may be instantly 
localized. For this purpose the use of the grounded Y has 
many decided advantages and, in most cases, at the present 
time is to be recommended. 

N. A. Carle: The preponderance of opinion seems to be against 
the grounded system. We in New Jersey have a lot of trans¬ 
mission lines there, and have an ungrounded system which 
is very satisfactory. 

J. T. Lawson: The system mentioned by Mr. Carle operates 
at 60 cycles, 13,200 volts with an ungrounded neutral, and is 
equipped with an arcing ground suppressor. 

Mr. Rushmore, if I understood him correctly, brought out 
the point of non-interruption to service on a grounded neutral 
system. With an ungrounded system equipped with an arcing 
ground suppressor, I think you come closer to this condition 
than without the use of the suppressor. Instead of having a 
cable open at both ends thus shutting off the service, with the 
arcing ground suppressor it is possible to leave the grounded 
cable in, parallel it with another cable, or take it out, with no 
interruptions to service. 

The action of circuit-opening relays, possibly, with the ground¬ 
ed system may be more satisfactory, but with single-phase arcs 
to ground I do not see where fine relay adjustment is necessary 
if the arc is extinguished before it has a chance to develop into a 
short circuit. 

David B. Rushmore: My remarks applied mainly to high- 
voltage syvStems, 100,000 volts and over. 

John B. Taylor: The detailed experiences contributed on 
operation of three-phase transmission systems with, and also 
without, neutral grounded, are of interest and value. The com¬ 
mittee’s conclusion that for different cases, grounding “may be 
an advantage in some and a disadvantage in others’*’,—is quite 
in agreement with previous discussions of the same question. 

N. A. Carle: We have a balanced potential relay, and the 
unbalancing of one phase to ground puts that cable out of 
business, and we simply get it afterwards on tests, and another 
cable goes in. 

John B. Taylor: You determine that unbalancing, I assume 
by an arrangement of potential transformers connected to your 
bus bars and also connected to ground, which means that your 
system is grounded,—you have a neutral ground on the system,— 
that neutral ground is made on relatively small potential trans- 
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formers instead of on relatively large generators, but, technically, 
the systeni is grounded on account of the potential transformers 
connected in Y with their neutral grounded. 

N. A. Carle: There is only one connected with the relay 
which makes an artificial ground through the oil switch. 

P. H. Chase: ^ I think I can explain that point. The grounded 
neutral system is so-called because the ground is of sufficiently 
low resistance that the current to ground operates a relay on 
the grounded phase. This is distinguished from the ungrounded 
neutral system with a suppressor, in that the three potential 
transformers which are connected in star with the neutral 
grounded allow only the exciting current of the potential trans- 
forniers to flow to ground. Though there is this metallic con¬ 
nection to ground, the system with a suppressor cannot properly 
be classed as a grounded neutral system because the exciting 
current of the potential transformers is not of sufficient magni¬ 
tude, and is not intended, to operate the overload relay on the 
grounded cable. 


John B, Taylor: It seems finally to come to a definition of 
technicalities. 

E. E. F. Cpighton: If we add to Mr. Taylor’s remarks 
some figures, it may help to straighten out the" matter. The 
current to ground in potential transformers is a small fraction 
of an ampere. The current that reduces one phase of this 
system to ground is over sixty amperes. It would take more 
than forty amperes to reduce it to half potential to ground, and, 
therefore, ^ I consider the system is non-grounded, even though 
the potential transformers are connected to ground at the neutral, 
because they could not in any way maintain the neutral at 
grounded potential. 

_H. R. Woodrow: Our experience has not shown that any 

surges has been gained by grounding the neutral 
ot the system. The neutral of our sixty-cycle system was ground¬ 
ed more than two years ago and we have never been able to 
nnd any difference in surges before and after grounding. The 
25-cycle system has never been grounded and we have never 
had any serious disturbance due to high-frequency surges 

In a case of some 15,000-volt cables, the failures looked 
rather suspicious of surges, and we therefore grounded the 
neutral of this system in an attempt to reduce the surges. The 
result which we have obtained in the last year and a half, since 
this system was grounded, shows scarcely any difference in the 
characteristics or number of failures. 

In the ungrounded system we have the grounding relay pro¬ 
tection with a grounding transformer, which will indicate a 
ground on any feeder, so that the defective feeder can be taken 
out of service before it develops into a short circuit. 

Edmund C. Stone: The system I am familiar with is a system 

transmission, three-phase. 
About fifty miles of that is underground. We find that nearly 
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all of our troubles originate in the overhead system and set up 
arcs in the grounds which break down the cable . system. I 
think where the system is entirely cable probably that trouble 
would be eliminated, but we have a great deal of trouble from 
arcing grounds originating in the overhead system, which set 
up voltage disturbances, and in turn break down the cable 
* system. We have decided to adopt a grounded neutral on the 
theory that saving the cable is more important—the downtown 
system is _ all underground— than maintaining continuous ser¬ 
vice on the overhead system. 

So far we have never had a case in five years where we have 
been able to operate the system with one phase of the overhead 
grounded. That seems to be the main recommendation for 
the three-phase system, and I would be interested to know if 
there are many - examples on record where the three-phase 
system is actually operated and profitably operated, when one 
phase was temporarily grounded,—that is an arcing ground 
starts and creates such a disturbance that it puts us out of 
business until we have isolated the defective line. 

Fred L. Hunt: I can tell you of a 66,()00-volt three-phase 
circuit which within the last month operated three hours carry¬ 
ing a 4000-kw. load with one wire broken, the two ends of the 
broken wire being about 150 feet apart on the ground. The 
load was carried in this way until a steam plant could be pressed 
into service to relieve the line. 

L. N. Crichton: Mr. Stone’s remarks remind me of a case 
where the records of a transmission company covering a period 
of several years’ operation were studied, and only two cases 
found where power was supplied with one wire on the ground, 
and even in these cases the service was finally interrupted before 
the ground was located. An interruption is not caused by the 
ground itself but by the disturbances which it creates, a single 
ground often causing several insulation failures at widely sepa¬ 
rated points on the system. The principal difficulty in the case 
of an undgrounded neutral system is that you can not locate 
an accidental ground, the only way of doing it on a system of 
any size being by cut and try methods, which with the telephone 
out of service is a difficult job, and the chances are good that 
before you get through with the process you will interrupt prac¬ 
tically the entire system. 

Now this applies only to large systems, say a 45,000-volt 
system, having 1,000 or possibly 1,500 miles of line. With a 
small system, no matter what the voltage may be, or with a 
simple system, say only two parallel lines, with a substation on 
one end and a generating station on the other end, the chances 
of operating with one wire grounded are very good. The reason 
why the large system suffers more than the small one is not 
because the voltage strains are greater but because there are more 
weak points which are liable to be damaged. As a rule, these 
weak points occur in apparatus rather than on the lines, there- 
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fore, the amount of apparatus connected to the system is of 
more importance than the number of miles of circuit. If the 
neutral is grounded the voltage strain will be reduced so that 
the disturbance will not cause such widespread damage and 
every ground will be promptly disconnected by the automatic 
circuit breakers. 

R. F. Schuchardt: I suggest that Mr. Hunt tell us in connec-^ 
tion with the case he cited, something as to the nature of the 
soil the wires fell on, whether it was in wet grass, or sandy 
soil, or what the character of the soil was. 

Fred L. Hunt: It was in the Connecticut valley, in western 
Massachusetts, in sandy soil. The grass and brush in the 
vicinity were set on fire and we were notified of the trouble by 
a farmer who said his field was on fire. The wire fence around 
the field seemed to be charged and showed signs of heavy static 
discharges. 

E. T. Street: We have operated 13,000--volt lines with one 
wire on the ground, supplying power to our substations until 
we were able to switch over to another line. It has been my 
observation when we have had lines on the ground—we have 
had two wires down within one foot or eighteen inches of the 
other on sandy soil—that the breakers would stay in. With 
the ungrounded system we can have wires down without causing 
any interruption to our system as a whole. 

Harold Goodwin, Jr.: As to whether the New Jersey system 
is a grounded neutral system or not, it seems that the committee 
might do the members of the Institute a service by defining for 
future discussion whether we shall consider such a system as 
grounded or not. 

W. A. Carter: We had a case where one wire came down 
on a 100,000-volt transmission line. We buy our power from 
the Colorado^ Power Company. The power station was about 
thirty-five miles away. With one wire carrying current through 
the ground at the broken span we were able to get several thou¬ 
sand kilowatts, which added to the load carried by our steam 
plant was sufficient to carry our evening peak load. 

Bernard Price: The scheme with which I am connected is 
controlled by two power companies, viz.. The Victoria Falls 
& Transvaal Power Co. Ltd., and the Rand Mines Power Supply 
Co., Ltd., the latter being a subsidiary of the former. For present 
purposes the transmission and distribution systems of the two 
concerns may be treated as one because they are inter-con¬ 
nected and are operated as one system. The district is at an 
altitude of nearly 6,000 feet above sea level and is prone to severe 
lightning storms during at least six months out of the twelve 
and the major portion of the system is overhead. 

For a system of our type, it is unquestionably wise to earth 
the neutral. Instances have arisen where a certain portion of 
the system has become insulated from earth during a lightning 
storm and the result has always been a very large increase in the 
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number of faults. Whilst I realize that each scheme should be 
dealt with on its merits, I find it most difficult to conceive any 
overhead network in a lightning district which would not benefit 
by an earthed neutral. 

Our experience of running the system with the neutral grounded 
has been most satisfactory and has shown conclusively the ad- 
^vantages to be deriA^ed from such grounding on a system of the 
type, in question. In the early stages of development of the 
scheme, the system was run with an insulated neutral and the 
change to a grounded neutral removed many of the difficulties 
which we had encountered. Since the neutral was grounded 
instances have occurred where a portion of the system has become 
insulated at the neutral during a lightning storm and on such 
occasions a largely increased number of flash-overs has occurred. 

Before the system was earthed, any line fault produced heavy 
surging with consequent flash-over from live conductors to 
iron work at various points in the switchgear and arrester gear. 
vSince the neutral has been earthed, these troubles* have vir¬ 
tually disappeared. When the system was insulated a fault 
from one phase to earth did not operate the automatic cut-outs 
but caused the arrester gear to discharge continuously. This 
continuous discharging heated the water resistances which are 
connected in series with the horn gaps of the arresters and as a 
consequence the discharge at the horn gaps became increasingly 
vicious until finally something had to give way. Frequently 
the arc at the horn gaps jumped to neighboring iron work, thus 
producing a short circuit through the original fault. Great 
trouble was also experienced due to flash-overs at points on 
switch-gear and apparatus caused by the surging produced by an 
arcing ground at the original fault. 

By grounding the neutral the automatic cut-outs were able 
to instantaneously isolate the initial fault. Lightning arrester 
gear was no longer called upon to continuously discharge and 
flash-overs on switchgear connections and apparatus became a 
negligible quantity. 

It is of course essential that each separate section of the system 
shall be separately grounded and provision must be made to^ 
ensure that when portions of the system become automatically 
isolated from other portions, they still remain grounded. 

The grounding of the neutral is the only means we adopt for 
preventing a static rise of potential. In the dry season, during 
which winds are prevalent, serious rises of pressure would no 
doubt occur if the neutral of the system were insulated but we 
have experienced no trouble in this respect since the neutral 
was grounded. 

As already mentioned, the benefits which have been derived 
from the grounding of the neutral have not been solely due to 
such grounding but have really been the result of the combination 
of a grounded neutral with the adoption of differential relays 
controlling the cut-outs. 
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With regard to the points at which grounding should be intro¬ 
duced, we have found that generally main generating stations 
serve the purpose quite satisfactorily, the advantages being as 
follows: 

1. The grounding being at the source of supply there is 
a minimum length of line between the fault and the source of 
supply, thus decreasing the total impedance to earth and in the*^ 
case of a large network, this factor becomes important. In some 
cases it may be found necessary to introduce more than one 
ground so as to compensate for the high impedance of the lines 
where these are unusually long. In practise we have found this 
to be the case. 

2. The grounding resistance being at generating stations, 
is subject to constant supervision and thus is liable to be kept 
in a more efficient condition by routine inspection and overhaul, 
and moreover, can be repaired quickly in case of breakdown with 
a minimum cost. 

3. If the step-up transformers at the station be designed 
with delta-star connections (the low tension in delta), then 
grounding can be easily accomplished (without the expense of 
installing a special earthing transformer), by earthing the star 
point of the high-tension side. 

On the question as to whether a resistance should be inserted 
in the neutral connection, it may be argued that if the neutral 
is grounded without a resistance, the pressure rise to earth on 
the two healthy phases (assuming one phase is earthed through 
insulator breakdown or other cause) is reduced to a minimum. 
Grounding solidly, however, results on a fault from one phase 
to earth, in the production of a dead short circuit with con¬ 
sequent danger to switchgear and other apparatus. The prin¬ 
ciple we have adopted is to insert resistance of a value as low as 
safely possible, having in view the condition that the current 
flowing to any fault must be ample for operating the automatic 
cut-outs. In this connection it may be found necessary to lower 
the value in order to compensate for the high impedance of long 
lines as previously explained or, what amounts to the same 
•thing, to instal another grounded resistance at some other point 
on the particular section of the system. For example, the ground 
resistance of the Brakpan 20,000-volt overhead network is 14 
ohms and quite satisfactory results have been obtained in practise, 
but in the case of the Bantjes 20,000-volt overhead network it 
has been found necessary to have^ two separate grounding points 
each of 14 ohms and about 13 miles apart. Originally only one 
^ound resistance was provided at Bantjes distribution station 
(see Fig. 1) and the experiment was tried of reducing the resis¬ 
tance until ultimately this was brought down to 8 ohms. No 
naarked improvement was however effected owing to the high 
impedance of the lines between Bantjes and Luipaardsvlei and 
hnally, another grounded resistance was installed at West Rand 
No. 2. Although no trouble has since been experienced, we are 
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awaiting the results of another lightning season before forming 
a definite opinion. 

^ In regard to the construction of the resistance, our experience 
IS confined to two types, viz., metallic grid resistances and water 
resistances and has shown that water resistances are undoubtedly 
preferable to the metallic type. The latter are liable to burn out 
^ in the case of a sustained fatdt on the system, e. g. high resistance 
fault to earth. This results in great inconvenience especially 
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if it occurs at the commencement of a lightning storm, as the 
benefit of the grounded neutral is thereby eliminated for the 
remainder of the storm. We have experienced no trouble with 
the water resistances but care must be taken to ensure a suffi¬ 
cient body of water and also to provide for a large metallic surface 
on the entering terminal so as to prevent undue heating and 
possible boiling of the water. The water resistance we use con¬ 
sists of a large tank about 7 ft. high and 12 ft. in diameter having 
a submerged terminal of considerable area suspended from an 
























594 REPORT OF TRANSMISSION COMMITTEE [June 27 

insulator on an erection over the water. Such resistances are 
placed outside on the ground without housing. 

We find that metallic grids require constant supervision 
whereas the water resistances can be left for a period of six 
months or more without the value of the resistance altering 10 
per cent. The resistance moreover can be varied at will with 
comparative ease and in first cost is considerably less than the r 
metallic type unless very large revsistance values are required. 



The Victoria Falls and Transvaal Power Company, Ltd. 
50-Gycles. 


In reference to the earth connection, it is our practise to con¬ 
nect the earth side of the resistance to the station main earth 
and this has proved quite satisfactory, as in ah cases the latter 
tests out at less than 0.2 ohms. 

No difficulty is experienced in obtaining a good earth at power 
stations as all our stations are associated with a large expanse of 
water and large metallic plates sunk in the water provide a good 
earth at all times of the year. 

The combination of an earthed neutral (through resistance) 
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the differential system of automatic cut-outs has greatly 
■ ^ct-uiced the insulator troubles. 

It, must be remembered that the majority of our insulator 
t ^■'^bles are caused by lightning and as the system is subjected 
nearly six months in the year to very severe lightning effects, 
matter is of much importance. Owing to the combined 
of the earthed neutral and the instantaneous operation 
I t:lie differential relays the lines which trip out due to lightning 
;^^sti-overs are in the majority of cases, fit to close it again, 
e^cause the arc at the insulator has not had time to permanently 
^Q-mage the insulator. 

. ^^oreover, we find that the number of insulator faults is con- 
=>iOeTably increased if the system be run during a severe storm 
the neutral ungrounded, due no doubt to the secondary 
suii-g-ing which is set up finding out the weaker insulators. 

Oiur experience is that no disturbance to telephones is produced, 
Abiding the windings of the earthing transformer are star-delta. 
We find that we can safely ground the neutral at two distant 
with only a small interchange of current and no secondary 

If the system is not earthed through a star-delta transformer 
violpt disturbances are produced on all telephone circuits 
n filae neighborhood of the transmission lines. 

P'ig. 1 shows the electricaUayout of the high-tension lines and 
^P3P3-ratus and also the location of all protective devices, current 
iXTii-ting reactances and points of earthing. 

If will be seen that the whole system is subdivided into a 
ixxmber of separate networks each laid out on the ring-main 
orinciple, thus ensuring at least a duplicate supply to every 
ioixsumer over divergent routes. 

I^aractically all lines are equipped with Merz-Price differential 
but main feeding points and certain sectionalizing points 
Lre equipped with difinite time-limit overload relays, also nearly 
l11 generators and all transformers are differentially protected. 

Oiur experience has clearly demonstrated the remarkable dis- 
;rixninating qualities of the differential method of protection 
Liaci owing to its simplicity and rapidity of action, every piece of 
au-lfiy apparatus, whether it be a line transformer or generator, 
s instantaneously isolated with minimum disturbance to the 
ysfiem. It is a feature of this method, however, that individual 
>ieces of apparatus are separately protected and as a consequence 
. fa.-u.lt on the busbars does not come within the control of the 
Lafferential relays. Such faults are or should be extremely rare 
>a.a'fc in order to limit their effect upon supply, the networks are 
Li-v^ic3._ed up into sections, each section being under the control of 
Lefanite-time-limit relays at the points where it is fed and where 
b is inter-connected with neighboring sections. Inverse-time- 
Lmit overload relays are in use at a few points where discrimina- 
ioxx -with other relays is not required. Our experience has proved 
on a large power system such relays are of little value as 
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a discriminating device. Reverse-current relays are in use on a 
few points such as generators not provided with differential 
protection and isolated lines not forming a part of a ring-main 
network and not differentially protected. 

It will be noticed in Fig. 1 that the setting of the definite-time¬ 
limit overload relays at different points on a network is such that 
under heavy fault conditions the network is automatically sec-»* 
tionalized, each section capable of a separate existence, i. e., each 
of these sections has sufficient feeders to deal with its particular 
loading. These conditions apply to the worst type of fault, 
namely, a busbar fault at a substation, all feeder faults being 
dealt with instantaneously by differential protection and with¬ 
out operating overload relays at other points. 

In the event of a sustained fault on consumer’s premises the 
substation transformers are tripped off by the simple device of a 
small fuse inserted in the secondary circuits of the differential 
relays. This fuse blows with small time element and brings the 
instantaneously acting differential relay into operation thereby 
tripping the transformers without operating overload relays at 
other points on the system. Faults of this kind frequently occur 
and the supply to the consumer’s fault is always isolated without 
affecting the supply to others. 

We use the current flowing to ground at the neutral connection 
to indicate when a fault to earth occurs. For this purpose a 
recording ammeter is connected t5 the secondary side of a cur¬ 
rent transformer in the earth connection. The results obtained 
are purely qualitative. 

From tests taken with the oscillograph, we have found that 
under normal operation the magnitude of the current flowing to 

earth through the neutral is relatively small and of no practical 
importance. 

We have also found that with the neutral earthed simultane¬ 
ously at two different points, the interchange of current is not 
appreciable enough to be serious. For example on the 40,000- 

oo neutral earthed at Simmerpan through 

5 ohms, the r.m.s. value of the current was found to be about 
1 ampere and the current flowing through the neutral of the 

bimmerpan 10,000-volt network (neutral resistance 7 ohms ) 
less than 0,2 amperes. 

former showed the presence of at least 

oo j and the latter showed the presence of at least 

the 23rd harmonic. 


With the neutral of the ,40,000-volt system earthed at two 

totant points, we found the presence of a comparatively large 

90 ^ harmonics, the 6th being predominant and over 

of fhe fundamental in value and in phase with it. 

^ description of the various types of 
relays in use on the system: 

o^’^ system is a 

nnirfl^mat pole .relay consisting essentially of a three- 
pole armature rotating in a three-pole field system. 
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^ The latter is energized from the secondary side of the differen- 
ti^l protective current transformers and causes the movement 
of the armature. 

Th^ armature in its rotation releases a weighted contact arm 
which closes the switch-tripping circuit. 

DOveTload Relay. This relay is made in 
1?wo parts, one part consisting of an overload relay and the other 
comprising the definite-time-limit mechanism. 

The overload relay is similar in design to the three-pole dif¬ 
ferential relay, excepting that the impedance of the coils is much 
greater. 

The definite-time-element portion commences to operate when 
a d-c. circuit is closed by the overload portion which starts the 
clock-work mechanism. After the pre-determined time has 
elapsed the relay closes the switch-tripping circuit. 

Inverse-Time-Limit Overload Relay. This relay is of the ordinary 
induction type instrument and the armature, consisting of the 
usual metal disc, rotates in a field system energized by the secon¬ 
dary circuit of the line current transformers. The relay is 
single phase and three are required for full protection. 

The time element is obtained by varying a tension spring con¬ 
trolling the armature. 

Reverse-Current Relay. The reverse-current relay (or more 
correctly reverse-power relay) is exactly similar in construction 
and operation to the inverse-time-limit overload relay excepting 
that it has pressure coils in addition. 
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AhSTKACT OB l\\rivH 

. , ‘f falls litBically thret* divisions: (1) A general 
review of Ihe firineipa! laws of the dissipation of'heat,—radia¬ 
tion. {‘omhivilun ami eonvectiotn (2) the development of a 
siin[)le i<srnm!a lor l.Ia* r*ll(‘et of altitude on tlie cooling of surfaces 
of tliflerent shapes, and (d) a gtsieral tiiseussion of tlie rnetl'iod of 
'eondueUng experimental oiiservations at dilTerenl altitudes, on 
three ditTerent sha,pt*d snrfa.et's. 

1. 'rhi‘ lirst division is prineipally historical in that the most 
reliaidi* data is givtm as fuund frotn iiu'tner lahoratorv investiga¬ 
tions, to deferininc* ta) tht‘ laws <jf heat dissipation and (h) the 
ehiH’fs of varienss fai'tors on these laws, I'his is gixam as a 
I>r4‘para,P*ry step to determining the formula in division 2. 

2. It h; shown in the siH'ond division that, where the loss by 
eonveetirni varies as tire 1.25 {lower of ttu:^ temj.,3erat.ure rise and 
as tile 0.5 fjower of pressun*. the *' temjterature rise " varies as 
ilieOal jioWiT r»t pressure. It is tlren shown that tfie temiieraturc 
risiHnereasix-;, in giang frtnn a lower to a liigher altil.ude, at a 
uniftirrn rate of almut 5 i>er eent. for each 1000 meters change in 
elevaticm. 

Hiiiee tins ap|.ilies only to loss of heaJ. by eonveetion. a i'orrec- 
tion laf*ten‘ ir* added to is/dins* tins rITeei wlien radiation (sann* in 
yaeuo a.s in gaoi enters into the dissipation of heat. 1diis factor 
is tirst es|.jri‘!7a,*d. in^ percentage lif convection loss to it)tal loss, 
arni tinm cs|jri*;va,'d in terms <d' the deveh>|ied snrfaee elTeet.ive for 
eonveetion, ajid the fmvdope surface ctTci-tive for rasliatiom 
l ids is eallio:! the sliafieriaetor" S. I'he pr:*rcentsigi‘ increase 
in teniperature tlien is erpial to 5 AS where A is the’diflerence 
in aititiirle expffsssed in kihsmefcrs. 

he aliovi* i>; for a hiSs nnalTected by trrmperature. Where 
iss is in i'f:»ppt.*r windings, an increase in temperature, line to 
changes in jirervaife, ha.s the efirwt rd incnsrsing the loss, wlneli in 
turn still turther inrs'eases the temperature rise. 

it is sf'iown bv nialliernatieal treatment tliai this efTeet in- 
err*ases tlif* \'ahie 5 .bV P> 5.H5 d.V for all eo|>p(‘r loss. For 
varimis raliosof er;|ipiT Isi irem loss (unafFecteil liy tenif:ieratnre|, 
the iisTn biaaaues, efosi' enough for f»racticaf [uirtioses, d.V 

15 .1 ah wlim'i’ a is las'c'enf.agi* of copper loss to total loss, llie 

ralenlattsri ^vahi«’*y arr* then compared with the observi-d values, 
d. Ill tills division tiu‘ metliorl of carrying on the exi'icrimental 
ofewrvations is gone into somewliat in rietail. 



iNTROblfCTOHY 

^li wc‘ I'uivii rtfliable data, ohtainttd fn^m, laboratory 
irivostigtitions, on the effect of rarefied atmospheres on 
eactli of flic* t;!irc*e |:irinci|)a.l nicKhts of tieat dissiftation—radiation 
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conduction and convection,—yet there does not seem to be any 
data on, or record of, an investigation to determine this effect 
when various combinations of the above modes enter into the 
dissipation of heat, such as we usually have in self-cooled induc¬ 
tion apparatus. 

Since there is a wide range of these combinations, it would be 
impossible to make experimental observations on each one. 
Tests conducted on a few combinations should give us sufficient 
data with which to make calculations for the remaining ones. 
Calculations, of course, can be made only by making use of the 
known effect of altitude on each mode entering into the dissipa¬ 
tion of heat ; and at the same time we must know fairly accurately 


(Sheet Irnn 



the propoition of heat emitted by each mode, we should 
know its law. 

The law of radiation has been accurately determined by Stefan 
and Boltzman, whence it derives its name, Stefan-Boltzman 
law. The law of conduction is well known but need not be 
considered in this discussion because rarefied atmospheres do 
not affect it, and for stationary electrical apparatus the dissipa¬ 
tion of heat takes place almost entirely by radiation and convec¬ 
tion, the latter, excepting for plain surfaces, playing the more 
prominent part. A law for the convection of heat has been 
developed and is given by .Dr. Irving Langmuir in some of his 
publications. * While this law holds remarkably well for high 

*Trans. a. L E. E. Vol. XXXII, Part I, p. 301; Amer. Electrochem.' 
Soc, Apr. 1913. 
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temperatures, yet for low temperatures, i. e,, from 0 to approxi¬ 
mately 100 deg. cent., it does not seem to hold very well. This is 
shown later and in fact is pointed out Dr. Langmuir himself. 
The object of this paper is (1) to give, as found from experi¬ 
mental observations on surfaces of various shapes, the ratio of 
keat dissipated by radiation to that dissipated by convection, 
thus making it possible to predict the effect of altitude on the 
cooling of surfaces of different shapes, such as are found in 
stationary electrical apparatus, and (2) to give the results of 
experimental observations conducted on transformers (Fig. 1) 
under natural atmospheric conditions at different altitudes 
ranging from 305 m. (1000 ft.) to 3360 m. (11,000 ft.) These 
observed values are compared with theoretical calculations, 
making use of the established laws of the effect of barometric 
pressure on the principal modes of heat dissipation, namely, 
radiation, conduction and convection. From this a simple formula 
is developed, expressing the effect of altitude on the cooling of 
surfaces of various shapes. 

GENERAL LAWS OF RADIATION, CONDUCTION AND 

CONVECTION OF HEAT 

Radiation of Heat 

The Stefan-Boltzman law that the radiation from a black body 
is proportional to the difference of the fourth powers of the 
absolute temperatures has withstood very rigid experimental 
investigations and can be considered as accurate. The Stefan- 
Boltzman law as applied to the radiation of heat from a body may 
be expressed 

Wr = Ke (Ts^ - Ti^) (1) 

where Wr = watts radiated per sq. cm. of surface. 

K = an empirical constant. 

e = relative emissivity which depends on the nature and 
color of the surface. 

T 2 = absolute temperature of the radiating surface. 

Ti = absolute temperature of the room. 

The exact value of K has not been definitely determined at pres¬ 
ent, but 5.7 X (probably the most commonly accepted 
value) has been used in making calculations to check the experi¬ 
mental observations on surfaces of various shapes. To quote 
from Dr. Langmuir (Trans. A. 1. E. E. Vol, xxxii, 1913 p. 309.) 
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THg radiation constant, 5.7, is subject to some uncertainty at present. 
Foi several years, the commonly accepted value was 5.32, which was the 
result obtained by Kurlbaum {Wied. Am. 65, 746, 1898). Recently, 
however, (1909), Fery obtained a value 6.3. Since then many investiga¬ 
tors have redetermined this constant. Paschen and Gerlach {Ann. d 
Physik, VoL 38, p. 30, 1912) obtained the value 5 . 9 . Shakesoeare (Proc 
of the Roy. Soc., Vol. 86 A, p. 180, 1911) obtained 5.67. WithL the ne>^, 
year or so the correct value of this constant will undoubtedly be deter¬ 
mined. For the present, it would seem almost certain that the value 

5.32 is too low, and that the value 5.7 must be fairly close to the true 
value.” 


Effect of Pressure. Color and Contour of Surface on 

Radiation 

Since radiation of heat is purely a surface phenomenon, it is 
proportional only to the envelope of the surface and is independ¬ 
ent of the pressure of gas. In other words, for a surface of an 
irregular contour it is the outer area, that is effective for radiation, 

and the rate of radiation is the same in vacuo as in a gas, all 
other conditions being the same. 

For surfaces that are not black the heat radiated is always less 
than that of a perfect black body. The following tabulation, 
by Langmuir, taken from Table VII Trans, of the Am. Elec. 
Soc. Vol. 23-193, gives in part for various colored surfaces the re¬ 
lative emissivities e as percentage of that from a black body. 


Relative Emissivities e 

Temperature deg. cent, (room 27 

• • • -. 52 77 197 

< t ^7 mean 

Copper oxidized. 77 7q 

Copper calomed. 39 gg 

Silver (calculated). I.7 j g 2 j 

Cast iron bright. I7 30 23 90' 

Cast uon oxidized. 50 67 64 60 

Aluminum paint. 07 60 45 57 

Monel metal bright. qq rr 00 

Monel metal oxidized. 50 60 49 50 

tankTforlK"'^^^^^'" irregular such as we have in corrugated 
tanks for self-cooled transformers and the color is considerably 

is grater thT radiated from the cavities 

thffal th^h d ^ is due to 

additior^nl b t ® dissipated by direct radiation, 

additional heat is thrown out by reflection. However, the color 
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of the surfaces of the tanks used by the writer in the experimental 
observations (and also for practically all commercial transform¬ 
ers) was practically a lamp black, and e has been considered as 
unity, i.e., no attempt has been made to make corrections for the 
color when making theoretical calculations. A small error may 
l\ave been introduced due to this effect, but in general for sur¬ 
faces of this color the error should be negligible. 

Conduction of Heat 

Since conduction of heat takes place by transference from one 
part of one body to another part of the same body without bodily 
transfer, this mode of heat transmission has very little, if any, 
effect on the change in temperature of stationary induction ap¬ 
paratus due to changes in barometric pressures. In other words, 
it is not necessary to consider it in this discussion. In general, 
however, for a steady flow of heat through a solid of uniform 
material the following law holds: 

w = {T, - ro (2) 


Where W — watts of heat flow 

K — coefficient of heat conductivity 
A = area of cross section 
I — length of conductor 

(T 2 ~ Ti) — temperature difference causing flow of heat. 

Convection OF Heat 

Within the last four or five years Dr. Langmuir has done 
considerable work upon, and has developed a formula for, the 
convection of heat. His formula is based on the film theory, in 
which he assumes that the dissipation of heat takes place by first 
being conducted through a film of adhering gas, to the sur¬ 
rounding medium where it is carried away by convection air 
currents. The formula is expressed in the form 

W, = ( 3 ) 

Where Wc = Watts dissipated per sq. cm. surface 
B = thickness of adhering film 
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and (?l) is a function of T (the absolute temperature) of the form 
4> = 1.93 X 10-5 (1 + 0.00012 T) 

r2/3 r3/2 - 248 Ty> + 2760 tan-i V — ~\ 

L 124 J 


From experimental observations, Dr. Langmuir found that for 
temperatures greater than 100 deg. cent, the value of B is 0.45 
cm. Observations made throughout a wide range of high teiri" 
peratures agree remarkably well with calculations using this 
®^pirical constant, but for low temperatures, of approximately 
100 deg. cent, and less, he found it necessary to give B values 
greater than 0.45 cm. For example, for a 25 deg. cent, rise 
above 27 deg. room temperature, B had the value of 0.58 cm. 
and for temperature rises between 25 deg. cent, and 75 deg. 
cent. B ranged between 0.45 cm. and 0.58 cm. Since 0 deg’-, to 
100 deg. cent, usually covers the temperature range found in 
self-cooled induction apparatus, this formula would not give 
correct results unless supplied with different values of .S^’for 
different temperature values. 

In 1817, Dulong and Petit announced-the following law as a 

result of their experiments conducted over a rather limited range 
of temperatures. 


The velocity of the cooling due solely to the. contact of a gas is pro- 
the porer?2S* temperature in degrees centigrade raised to 

This was later verified by Peclet. 


Lorenz {Ann. d. Physik, Vol. 13, p. 582,1881) by making certain 
assumptions derived for convection of heat from vertical plane 
surfaces the following fonnula: 


w, = 0.548 a/ pO-5 I91-25 ( 4 ' 

where H'", = heat convection per sq. cm. of surface 

c — specific heat of gas at constant pressure 
K = its thermal conductivity 
h = its viscosity 

Si — its average temperature in deg. cent, 
p = its average density 
g = gravitational constant 

S = difference in temperature of plane surface and of 

the gas at a great distance from the plane. 

M = height of plane. 
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For 30 deg. cent, room temperature and for standard atmos¬ 
pheric pressure the above formula reduces to 

Wc = 3.98 X 10-4 H-i 01-25 (6) 

The results of observations conducted by the writer indicate 
that the loss vs. temperature rise follows a simple exponential 
law similar to Lorenz’ formula (when H = approx. 9 cm.) 
throughout a range of temperatures from 0 deg. cent, to ap¬ 
proximately 100 deg. cent, (tests were not made above 100 deg. 
cent.). This law also holds in plotting on logarithmic paper, 



Fig. 2 


the maximum oil rise of tanks with surfaces of various shapes 
against the loss dissipated per unit area of developed surface. 
Referring to Fig. 2 in which maximum oil rise is plotted on 
a logarithmic scale against loss per unit area of the developed 
surfaces of three tanks shown in Figs. 3 and 4, it will be noted 
that these points fall (for each tank) practically in a straight 
line. Providing the temperature gradients along the tank sur¬ 
faces from top to bottom do not change for different maximum 
oil rises (and there is no reason why they should appreciably 
change) the equation of the line drawn through these points for 
any one tankj when supplied with the proper constant, (found 
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by trial), gives us the law of heat dissipation for that particular 

tank. This equation, however, includes here both radiation and 
convection. 

Using an empirical formula for convection somewhat similar 
to equation (5), calculations indicate that tank No. 1 dissipated 
approximately 85 per cent of its loss by convection and 15 per^ 
cent by radiation; that tank No. II dissipated approximately 
65 per cent of its loss by convection and 35 per cent by radiation; 
while tank No. Ill (plain), dissipated approximately 43.5 per 
cent of its loss by convection and 56.5 per cent by radiation. 

The equation based on maximum oil rise for tank No. I should 
therefore be that, or nearly that, for the loss of heat by convection 
since a small percentage of its loss was dissipated by radia¬ 
tion. The slope of this line is 1.245 or 


JV = K01^24:5 



where W = total watts dissipated per unit area of surface 
= constant (determined empirically) 

0 — maximum oil rise above average room temperature 
It will be noted that the above exponential value agrees re¬ 
markably well with that found empirically by Dulong and Petit 
(1.233) and also with that calculated by Lorenz (1.25). The 
W'riter finds that this formula holds very closely for maximum 
oil nse of tanks with various types of irregular surfaces, ranging 

rom surfaces of simple corrugations to surfaces that are very 
complicated. 

The equation of the line for tank No, II is 




A. 


and for tank No. Ill (plain surface) 

linpVl! ^ the temperature rise 

ne based on 30 deg. or 35 deg. cent, room temperature and plot 

^®tween the limits of 10 deg. 
and 50 deg. nse. a line whose equation is approximately 

W, = K (91-12 

lull in equation (8) which involves approximately 

ild convection falls between the values 

the temperature 

an^e from which equations (7) and (8) were based is not as wide 
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as that on which equation (6) is based and for this reason they 
are probably not as accurate. Refering to Fig. 2, it will be noted 
that equation (6) is based on four observed points. The lower 
one was obtained in Pittsfield only for the purpose of determining 
a more accurate exponential value, and therefore this test was 
^not repeated at the higher altitudes. For temperatures within 
the range of the operation of stationary induction apparatus, 
the convection for vertical surface can no doubt be expressed 
within a reasonable accuracy by the simple equation 


w = K <91-25 


( 10 ) 


where Wc = watts dissipated per sq. cm. of surface (developed) 
K — constant (found by trial to be 2.32 X for 
tanks No, II and III and 2.04 X 10"^ for tank No. 1) 
6 = temperature rise in deg. cent. 

It is interesting to note that when we substitute 9.0 cm. for 
H in Lorenz’s equation, it becomes 

Wc = 2.3 X lO""^ ^1-25 which is practically the same as equa¬ 
tion ( 10 ). 

Equation (10) is used later in comparing calculated values of 
loss by convection with the input loss less the calculated loss 
by radiation for three different styles of tanks. Also it is used 
in deriving a formula for expressing the effect of altitude on the 
cooling of surfaces of various shapes. It should be noted that 
it is not intended that this formula be applied for high tempera¬ 


tures where the formula — 


(j)2 - </)l 


B 


holds, but only for low tem¬ 


peratures of 100 deg. cent, and less. 


Effect of Room- Temperature on Dissipation of Heat 

(a) Radiation. Referring to Fig. 6 it will be seen that room 
temperature has an appreciable effect on radiation. For ex¬ 
ample, for a 50 deg. rise the loss radiated in the presence of a 
15 deg. cent, room temperature is 0.0354 watts per sq. cm., 
while in a 35 deg. cent, room temperature, the loss is 0.0427 
watts per sq. cm.—a difference of 20 per cent, or 1 per cent per 
deg. variation in room temperature. For this reason an at¬ 
tempt was made to hold as nearly as possible the same room 
temperatures at the three different altitudes.* The room 
temperatures were the same at both Pittsfield and Leadville, 
while, due to. encountering a period of very warm weather at 


*See p. 621 for locations. 
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'^''"necessary to hold a room temperature from one 

(i c«r ■ A^zjrrr ”‘’ r‘- 

^ -Langmuir s equation, 

g . (plotted in Fig. 5) room temperature has very little 

t'S°pe™to°e”''itS,A ‘f“F add a room 

P rrection factor in equation ( 10 ). 



Effect of Barometric Pressure on Radiation Conduction 

AND Convection 


{o) Radiation. 
of the surrounding 
effect on it. 


Since radiation does not depend on the density 
air, changes in barometric pressure have no 


{b) Conduction. Changes in pressure do not affect conduction 

velocit?:r'"r found thaf the 

raised to the ™ P™P»«ional to the pressare 


and 


0.45 for atmospheric air. 
0.38 for hydrogen 
0.517 for carbonic acid. 
0.501 for olifiant gas. 


Mess ^ennelly and Sanborn* in an investigation o 

* iPw/lr- /I ™ Ti 7. *7 TT ^ n ~ . . ----— _!_ 


*Rroc. Am. Phil. Soc. Vol. Hii, 1914. 


The 








PLATE XVI. 
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VOL. XXXV, 1916 


' [montsinger] 

Fig. 4—Shovving Tank No. 1 in Heat Run Position 


[monisinger] [montsinger] 

Pjq_ 3—Corrltgated and Fig. S—Pressboard Housing Used for 
Plain Tanks Used for Making Tests to Determine Effect of 
Heat Tests TO Determine Barometric Pressure on Temperature 
Effect of Barometric Rise of Self-Cooled Transformers 

Pressure ON Temperature 
Rise of Self-Cooled 
Transformers 
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Influence of Atmospheric Pressure upon the Forced Thermal 
Convection from Small Electrically Heated Platinum Wires,” 
found that the linear convection is nearly proportional to the 
0.5 power of the atmospheric pressure. 

Compan found that for spheres 2 cm. in diameter, convection 
varies as the 0.45 power of the pressure. According to Lorenz’s 
, equation, convection varies as the 0.5 power of the pressure. 
In making calculation later on, the writer has used the value 
0.5. 

Effect of Position, Shape of Contour, and Height of 

Plane on Convection 

Dr, Langmuir found that the convection was about 10 per cent 
more for the upper, and 50 per cent less for the under side of a 
horizontal plane than for a vertical plane. (Note: the covers 
for the tanks used in the experimental observations were in¬ 
sulated thermally from the horizontal surfaces so that practically 
no heat was lost by them, thus eliminating the necessity of 
making corrections when comparing input with calculated loss.) 

Calculations indicate that the convection is practically the 
same for a plain surface, 130 cm. (51 in.) in height as for a sur¬ 
face having corrugations 8.9 cm. (3.5 in.) in depth, 5.72 cm. 
2.25 in.) pitch and 130 cm. (51 in.) in height; but that the con¬ 
vection is approximately 15 per cent less for a surface having 
corrugations 22.8 cm. (9 in.) in depth, 6.03 cm. (2 3/8 in.) pitch 
and 140 cm. (55 in.) in height with upper and lower air spaces 
open for free circulation of air. 

Again according to Lorenz’s equation, convection varies 
inversely as the height of a vertical plane raised to the \ power 
Observation of tests made on vertical surfaces whose 
heights range from one or two meters to four or five meters 
indicate that the J power is too large. In fact experience in¬ 
dicates that for simple corrugations and for heights ordinarily 
used for cooling of stationary induction apparatus, the effect of 
height is practically negligible. As an evidence that the \ power 
of the height is too great, if we substitute 130 cm. (corresponding 
to the heights of tanks used in the observations )for H in Lorenz’s 
formula it becomes: 

IFe = 1.18X 10-^ 01-25 

Referring to equation ( 10 ) it is seen that if we had used Lor¬ 
enz’s formula the calculated loss would have been only about 
50 per cent of the loss actually found in the observation. But 
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as pointed out before for a height of 9 cm. the formula gives 
practically the same results as equation ( 10 ). 


Method of Calculating Loss Dissipated from Tank Surface 

For theoretical calculations, the temperature of the surfaces 
having corrugations was taken as an average of the temperature 
of the outside and inside bends. If the equations for radiation 
and for convection were not in exponential form, i.e., if loss 
plotted against temperature rise were straight lines, it would 
only be necessary to determine the average temperature of the 
surface and this multiplied by the areas would give us the pre¬ 
dicted losses by convection and by radiation. Again if we had 
an equation of the temperature gradient from the top to the 
bottom of the surface of each tank we could substitute in the 
general heat equations and integrate between limits, for cal¬ 
culating the losses. However, it would probably be a long and 
tedious task to derive an equation for the temperature gradient 
of the surface. 

The most convenient method, (and the one used by the writer) 
is to use the process of summation, i.e., to divide the area of the 
surface into sections for every few deg. rise, and calculate the 
loss for each section separately. The sum of the losses for the 
sections should be the total calculated loss. If the surface is 
divided into enough sections the error introduced is negligible. 

Table I shows a comparison of the input loss (at Pittsfield) 
with calculated losses using the equations : 

Wr == 5.7 X — Td) for radiation 

Wc = K 0^*25 convection 


and Wc = _ _^ 

0.45 cm. 


for convection. 


The table shows, with the exception of the plain tank, that the 

equa ion ^ gives too high loss at lower temperatures, 

but that as the temperature increases the calculated and test 
values come close together, which indicates, as pointed out 
betore, that B has a greater value than 0.45 cm. for low tempera¬ 
tures. For the plain tank the losses are so small, especially 

tor test 7 that a few watts in observable errors would make a 
large error. 
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TABLE I. 

COMPARISON OF CALCULATED LOSS WITH TESTS CONDUCTED AT 

PITTSFIELD. 





Watts loss by convection 





Tested 

Calculated by equations Wq » 

Test 

Max.* oil 
rise 

deg. cent. 

fAve. test 
watts 
input 

(Input watts 
less calc, 
rad.) 

2.04 (5/1-25 

10^ 

2.32 fll-26 

10^ 

4>t — <f>i 
0.45 cm. 

1 

21.1 

Tank No. I 

1564.5 

• 

1268.0 

1245.0 

1413.0 

1757.3 

2 

34.6 

2910.0 

2370.0 

2380.0 

2709.5 

2985.0 

3 

50.9 

4721.0 

3811.0 

3830.0 

4461.0 

4561.2 

4 

24.9 

Tank No. L 

1550. 

.« 

1023.4 


1005.0 

1266. 

5 

42.3 

3114.0 

2114.0 


2041.0 

2297.0 

6 

56.7 

4500.0 

3026.2 


3129.0 

3200.0 

7 • 

15.6 

Tank No. I 

347.5 

[I. 

180.5 


100.0 

144. 

8 

41.9 

1064.5 

478.0 


446.5 

480.0 

9 

60.2 

1657.5 

704.5 


722.3 

735.1 


♦Based on the following average ambient temperatures: 


For tests No. 

1 

2 

3 

4 

5 

6 

7 

Room (deg. cent). 

30.0 

30.1 

32.0 

30.0 

32.0 

32.0 

29.9 

Test No. 

8 

9 






Room (deg. cent.).. 

30.2 

30.1 



I 




tAve. of volt X ampere and wattmeter readings. 


THEORETICAL CALCULATION OF EFFECT OF PRESSURE ON 

COOLING 

We now have sufficient data with which we should be able to 
predict fairly closely the increase in temperature of self-cooled 
stationary induction apparatus. Assuming that the loss dis¬ 
sipated by convection Wc varies as the 0.5 power of the baro¬ 
metric pressure, and as the 1.25 power of the temperature rise, 
and letting p equal the barometric pressure in mm. of mercury, 
the general equation for convection becomes 


or 


PFc = X (91-25 pO.5 
1 Wc 


01-25 == 


e 


K p 


0.5 


pOA 


d = K, 




760 \ 
P / 


or compared with p at sea level 

0.4 
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For a constant loss the temperature rise therefore varies 
inversely as the 0.4 power of the pressure. 

Using the Smithsonian Institute’s formula changed from Eng¬ 
lish to metric system for altitude vs. barometric pressure, namely 


logio p = logio 760 


A 

19.07377 [1+0,00367 (r-10) deg. cent,] 

where 

p = barometric pressure in mm. of mercury. 
A = altitude in kilometers. 

T = temperature in deg. cent. = 30 deg. 

we obtain the following values: 


( 11 ) 


when p = 760 711 664 621 570 542 507 474 mm. 

or 1,000^ = 0 600 1200 1800 2400 3000 3600 4200 m. 

%mcreasein0= 0 2.72 5.6 8.75 11,4 14.60 17.52 20.9 

% increase in ^ 

- j -- = 0 4.53 4.66 4.86 4.86 4.86 4.86 4,97 

The average of the above, values is 4.8. With an average posi¬ 
tive error (when A is greater’than 1.2) of about 2.5 per cent, 

we may put 

01 = 5.4 ( 12 ) 


where 0i is the percentage increase in temperature rise for a con¬ 
stant loss and A is the difference in altitude between lower and 
Upper elevations expressed in kilometers (i.e., for 1000 m. 4 = 1). 


Effect of Pressure on Surface Dissipating Part of Loss 
BY Radiation and Part by Convection 

Equation (12) is applicable only for a surface dissipating all 
its' loss by convection when naturally cooled. However, this 
condition seldom exists in Commercial transformers.* The 
percentage of total loss by convection is probably from 40 to 
45 per cent for a plain surface, whereas for surfaces with very 
complicated contours the loss by convection may approach more 
nearly 100 per cent. It follows, therefore, that the. effect of 
altitude will be quite different for different types of surfaces—; 
each one requiring special consideration. 

This effect may be express ed in terms of the percentage of 

j. transformers would come under this condition where the 

total R .-loss IS earned away by natural circulation of air through ventilat- 
mg ducts in the windings. 
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loss by convection to the total loss. For example, if only 50 per 
cent of the loss is by convection and the remaining by radiation 
(unaffected by pressure) the effect, of pressure will be approxi¬ 
mately one-half that. expressed by equation ( 12 ), Letting (1)2 
equal the percentage increase in temperature rise for surfaces 
having both radiation and convection, we have 


or 


02 = 5 X 


loss by convection 
total loss 



5A X 


Wc 

Wo + Wr 



where Wc is the convection loss per unit area of developed sur¬ 
face and IFr is the radiation loss per unit area of envelope surface. 

Since the ratio between Wc and {Wc Wr) does not remain 
quite the same when the altitude changes, equation ( 13 ) is not 
quite correct. For instance, when the apparatus is taken to a 
higher altitude the radiation increases while the convection may 
decrease. However, the error is small especially for surfaces 
with irregular contours such as corrugations, etc., where the 
greater part of the loss is by convection, and since it is a positive 
error, i. e., it makes the estimated temperature rise slightly 
higher than it should be, it may be neglected for practical pur¬ 
poses. An attempt to correct for it would require an equation 
very cumbersome to handle. 

, If we assume a standard room temperature and a standard 
temperature rise, we can, for practical purposes, express Wc 
and Wr in terms of the developed and envelope surfaces reduced 
to equivalent values of loss per unit area. This makes it more 
convenient for practical application. For example, referring 
to Figs. 5 (either formula for convection) and 6 we find that for 
a 50 deg* rise above a 30 deg. room temperature the calculated 
watts dissipated per sq. cm. of surface are approximately in the 
ratio of 1.0 for convection to 1.3 for radiation. 

We may therefore restate equation ( 13 ) 

4>2 = 5AS ( 14 ) 


where 5 = shape factor = 


developed surface of tank 
(dev. + e 1.3 X envelope) surfacqsT 
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Derivation of General Equation for Effect of Barometric 

Pressure on Temperature Rise 

We have seen that for temperature rises between 0 deg. and 
75 deg. cent., the general equation of temperature rise vs. loss is 
d=KW^ and that the equation of temperature rise vs. altitude is 
4>2 — ^ AS. If we let 6 = temperature rise at some high alti¬ 
tude, and 

let Wo = loss at room temperature for given load conditions 
on the transformer 
W = loss at temperature rise 6 


copper loss 
(iron + copper) loss 


We may put Wo == Wq {I — a) + a Wq 
Since iron loss is practically unaffected by temperature (see 
Trans. A. LE.E., 1912, p. 2025, MacLaren) at temperature 6 (for 
temperature coefficient of resistivity of copper of 0.00427 percent 


per deg. cent.) the copper loss - a Wo 


/ 234 -f- 00 “1“ 0 \ 
\ 234 + 00 / 


Then W = JVo (1 - a) + a Wo f- 


234 + 00 + 0 
234 + 00 


) 


= Wc 


( 


234 + 00 + 0 

234 + 00 


) 


The temperature rise (say 0^) for this loss at sea level will be 


6. = K Wo” ‘ 234 + 00 + a d 


'•{ 


234 + 0( 


) 


n 


If taken to a high altitude the temperature rise, with this loss, 
will be increased (^2 per cent i.e., 





Wo” (1 + 


r 

100 /1 


234 -j- 00 ~t" 6 CL 

234 + 00 
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Let 


temperature rise at the lower altitude for the given 
load conditions. 


K W” 


K 


234 00 d” o 

234 + 00 


then 


V ^ 100/ L 


<^2 \ r 234 d” 00 “1“ n 0 


234 d- 00 d- 


i9 - 
a 0j_ 


Which may be written in the form 


1 d- 


100 


)[ 


234 -j- do d 6s 

234 + do CL ds 


Putting ^ 


1 " 4 “ 


100 / 


and 


234 d~ 00 d“ 0/ 


= 4 


1 “}“ 


a (6 — ds) 


Expanding by the binomial theorem 

^ - bTi + n ^ ~ + njn- 1) a (0 - 0,)^ , 

The terms after the second may be neglected without any 
appreciable error, then 


D — na dt 
') — B n a 6i 


r D - 


100 


a di 


D — n a d. 
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or with an error of less than 1 per cent 


6 


e, 


B 


4>2 


1 + 


100 


n 


a 6, 


D 


n 


a 6, 


which reduces to 


d 


e. 


( 


1 + 


<l>i 


100 


) 


4 >‘. 


1 + 


100 


n a 6, 


234 6o ct 6s (l — n) 


( 16 ) 


O' 

P20 


z 

UJ 


ce 

o 

z 


9 

^•8 

z 

UJ 

o 

K 

Ui 

■O. . 


tn 

cc 

o 


to 


While equation (15) may be used for calculating the tempera 
ture rise for any altitude, it can 
be greatly ■ simplified (without 
introducing any large errors) by ^ 
assuming definite values of do, ds, ^ 
and n. Even though these values I 
vary considerably in practise the lie 
effect on the final results is small 
and the error introduced by using 
average values is permissible. 

Asumming a difference in alti¬ 
tude of 3000 m. (9840 ft.) or when 
A = 3 (in equation cl )2 = 5 AS) 

S = 1, n — 0.8, do = 30 deg. cent, 

ds = 50 deg. cent., and 

a = 0 . 0 , ^ 
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ALTITUDE IN METERS 
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a = 0.5, 
a.= 1.0, 


ds 

i( 

a 


Fig. 7 

1.15 or the new value of 0 = 5.0 AS 


= 1.164 
= 1 . 1753 ^^ 


u 

(( 


a 

(( 


“ “ “ = 5.47 AS 
“ “ = 5.85^6' 


In other words, (p the percentage increase in temperature, ranges 
roin 5^5 to 5.85 AS, depending on the ratio of copper loss to 
total (iron + copper) loss. Then we may put 

^ = AS {5 + 0.85a) or with a maximum positive error of 
only 2.5 per cent when a = 1. 

4> = AS (5 + o) ( 16 ) 

Fig. 7 gives curves plotted from equation ( 16 ) where a = 0.5, 
and. 6 = 1, ^ 


1916 ] MONTSINGER: CORRECTION FOR ALTITUDE 617 

Table II shows a comparison between observed temperature 
rises and calculated temperature rises by equation (16) using the 
data shown in Tables III, IV and V giving complete data on 
observations conducted at Pittsfield, Boulder and at Leadville. 


TABLE NO. II. 


Test 

No. 


Average 
surface 
rise deg. 
cent. St 
Pitts¬ 
field 


Percentage temperature rise above tests at Pittsfield. 


Tests at Boulder Te 

Predicted Observed above Predicted 

by - by 

equation Average Idle equation 

(16) room I tank (16) 


Tests at Leadville 

ed I Observed above 

)n I Average i Idle 

,! room 1 tank 



1 

17.5 

6.45 

6.83 

8.32 

2 

29.7 

6.41 

5.5 

7.0 

3 

44.4 

5.95 

6.7 

7.5 



1 


Mean values. 6.27 

Mean value obtained by formula*. 


6.34 


Tank No, II. 


11.40 


12.4 

11.51 



15.8 

5.0 

31.1 

5.1 

44.4 

4.9 


Mean values. 5.0 

Mean value obtained by formula*. 


0 

3.3 

1.95 


1.42 



1.27 


Tank No. III. 



Mean values. 3.42 

Mean 'value obtained by formula*. 


■2.08 


6.74 

6.12 


^<f) — 4.86 A 


Wc 

Wc-j- Wr 


10.0 

13.5 

12.6 


12.0 



12.9 


9.95 

6.06 

7.40 

10.00 

8.75 

9.50 

9.85 

8.65 

9.95 

9.93 

7.82 

8.95 

9.3 




9.85 

3.42 

0 

0 

6.62 

5.77 

5.6 

31.5 

3.50 

—3.34 

— 3.34 

6.92 

3.82 

4.05 

48.3 

3.35 

—2.82 

— 3.26 

6,70 

4.32 

5.0 


4.88 


Note: Instead of using here a constant value (S) for 


/ „ .. ^ J for different temperature rises, the values for Wq and W^. are based upon 

actual watts dissipated as given by equations (1) and (10) for surface temperature rises 
shown in second column above. Since the values for Wc and Wr change in opposite direc¬ 
tions for change in altitude, the calculations are made for the proper values at an altitude 
of 1525 m. (5000 ft.) above sea level. 
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(2) Average of 4 thermometers. 

(3) Average of 3 thermometers. 





TABLE NO. IV. 

RECORD OF TESTS ON TANK NO. II. (Corrugations 8.9 cm. in Depth.) 
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Date 
of 1 
test 


3-19-15 

3-18-15 

3-16-15 


5-20-15 

5-18-15 

5-17-15 


7-27-15 

7-26-15 

7-25-15 

Grains of 
moisture 
per litre 
of 
air 

1 


0.081 

0.081 

0.078 


0.176 

0.188 

0.162 


9TT0 
081 0 
011 0 

Humidity 
of air 
in % of 
satura¬ 
tion 


16 

14 

14.5 


34 

29 

22.5 


r-l 

fN (N iM 

Calculated altitude 
in meters above 

Pittsfield 


o o o 


1495 

1528 

1467 


2975 

3008 

2947 

Sea-level 


395 

382 

443 


1890 

1910 

1910 


1 3370 

3390 
3390 

Observed | 
barometric 
pressure 

in 

i mm. Hg. 


727 

728 

723 

1 


616 

613 

613 


520 

519 

519 

Temperature in deg. cent. 

i Average maximum oil^ ! 

i 1 

1 Rise above 

Avg. 

room 


i 24.8 
42.3 

56.7 

Boulder 

24.8 

43.7 

57.8 

Leadville 

26.4 

46.0 

61.6 

Idle tank 
tank 

1 

PlTTSFIELI 

24.4 

42.0 

56.3 

24.4 

42.8 

57.3 

26.2 

46.2 

61.9 

1 

i 

1 

Actual 


54.9 

74.3 

88.7 

55.9 

79.2 

96.1 

56.4 I 
78.0 1 

93.6 

Avg.2 

room 


30.1 

1 32.0 

32.0 

j 


31.1 

35.5 

38.3 


30.0 

32.0 

32.0 

Idle 

tank 


30.5 

32.3 

32.4 


lO CO 

iH CO 

CO CO CO 


CO 

O 

CO CO CO 

Watts*^ 
observed by 

i 

Watt¬ 

meter 


1547 

3117 

4507 


1556 

3117 

4573 


1547 

3117 

4517 

Volts 

X 

amp. 


1554 

3111 

4493 


1554 

3163 

4552 


1548 

3111 

4517 

in 

o 

u 

0) 

a 

S 

< 


14.25 

28.4 

41,0 


14.25 

28.8 

41.5 


14.1 

28.4 

41.3 

o 

> 


o o o 

tH tH 

tH iH rH 


o o o 

tH iH tH 
tH rH 


o o o 

iH rH tH 
T-l T—l iH 

Test 


>.^(110 0 


lO O 


lO CO 
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(1) Less instrtunent losses. 

(2) Average of four thermometers. 

(3) Average of three thermometers. 
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An inspection of Table II shows that the calculated and observed 
temperature rises for all tests on tank No. I, which is the most im¬ 
portant of the three, (because the effect is greatest) agree very well. 
Also there is only a slight difference, the observed being lower than 
the calculated values, for the Leadville tests on tanks No. II and 
pi. Why the observed and calculated values for the Boulder 
tests on Tanks No. II and III do not agree any better is not 
clearly understood. This difference may be partly explained 
by the fact that different instruments were used at Boulder 
than at Pittsfield. A small error in watts would be expected 
to be more apparent for the smaller tanks where the loss is small. 
Another and probably better reason for this difference is that 
the room temperatures were from three to six degrees higher 
at Boulder than at Pittsfield, which as seen before, has the 
effect of increasing the tank’s effectiveness for radiation. The 
difference is largest for the plain tank where radiation plays 
the more prominent part. Also the humidity of the air at the 
former place was somewhat higher, but in general this has been 
shown to have very little effect. (See Trans. A. I. E. E. 1913, 
Vol. XXXII, Part I, p. 235. Frank and Dwyer) 

EXPERIMENTAL OBSERVATIONS 

Observations were made under exactly the same conditions, 
with the above exceptions, at 

Pittsfield, Mass, approx. 305 m. ( 1000 ft.) above sea level 

Boulder, Colo. * “ 1830 m. ( 6000 ft.) « 

Leadville, Colo. “ 3360 m. (11,000 ft.) 

The writer had charge of the observations at Pittsfield and 
at Leadville. This eliminates the personal element which is 
usually important in any test on heating. 

The housing (Fig 8) consisted of pressboard walls made up 
into sections so it could be easily assembled and disassembled. 
A view of the arrangements on the inside of the housing is 
shown in Fig. 4. The room temperature was controlled by 
means of sliding covers. In a few instances when the supplied 
loss was small, in order to keep the room temperature from 
falling below the chosen value, it was necessary to use a small 
electric heater. 

Two 40.6"Cm. (16-in.) desk fans were operated in a vertical 

*It is desired here to acknowledge indebtedness to Prof. H. S. Evans, 
of the University of Colorado, who had charge of and conducted the ob¬ 
servation at Boulder at the expense of the University Eng. Dept. Also 
the writer wishes to aokdowledge the excellent work done by Messrs. 
C. D. Fawcett and T. M. Victory in carrying on the observations at 
Boulder and at Leadville. 
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nUopposite corners of the room, with pressboard screens 
placed between the fans and the tank to prevent breezes from 
striking the surface of the tank. Tests made in this manner 
different outside temperatures showed that under all con¬ 
ditions the difference in air temperature (approx. 90 cm. from 
tank surface) on level with the top and bottom of tank did not 
n any case exceed 2 deg. cent., whereas without the fans some- 
^mes as much as 6 to 8 deg. cent, difference was observed. 

temperature used as a base was taken as the average 
of the four thermometers placed on a level with the center of 
e tank, in each corner of the room as shown in Fig 4 In 
addition to the room temperature being used as the base, the 
temperature of a small lighting size transformer tank, filled 
oi se with its center on a level with the center of the tank 
under test, was also used. This was subjected less to quick 

outside air, than was the internal room tem- 
perature. The percentage of humidity of the air, during all 

theri-T^l bulb 

thermometers. The barometric pressure was observed with a 

mercurial barometer. 

Fi 'dimensions of the three tanks used are given in 

It will be noted from the illustrations that the covers for the 
ree a^s are insulated thermally from the tanks proper. 
Also for tank No. 1 the two plain sides were covered each with 

the los^ 2.54-cm. (l-in.) hair felt, so as to make 

A 1 - • y a maximum. However, in order to 

i'brough these 

nketed sides, the blanketing material was covered with a 
sheet iron casing of black color. By observing the temperature of 

tLam™?m^^J determine 

the amount of heat lost by these insulated areas. 


Tank No. 


Estimated loss by 
blanketed areas 

Run No. 

in percentage of 



of input loss 

I 

1 

2.5 


2 

2.2 

II 

3 

4 

i.:, 2. 9 

1.32 


5 

0.75 

III 

6 

7 

0.70 

1.5 


8 

1.8 


0 

1.9 
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The foregoing tabulation gives the estimated loss by these 
blanketed areas in percentage of input loss on each tank for the 
tests conducted at Pittsfield. 

We can therefore neglect these surfaces in giving the ratio 
of developed (effective for convection) to envelope (effective 
for radiation) surfaces. However, in making calculations of 
dissipated heat, these blanketed areas have been considered. 

The developed surfaces effective for convection therefore 
were as follows: 

Tank No. I. (24 corr. 22.9 cm. in depth) 

Corr.—24 X 48.5 X141.5.165,000 sq. cm. (25,600 sq. in.) 

Space above corr. not blanketed_ 3,225 “ ( 500 “ ) 

168,225 « (26,100 " ) 

Tank No. II. (43 corr. 8.9 cm. in depth.) 

Corr.—43 X 19.8 X 130.111,000 sq. cm. (17,200 sq. in.) 

Plain bands at top and bottom 

40.6 (73.8+7rX63)...10,980 “ ( 1,700 “ ) 

121,980 “ (18,900 “ ) 

Tank No. III. (Plain sides) 

59X7rX130. 24,200 “ ( 3,750 " ) 

The envelope surfaces (not blanketed) effective for radiation were: 

Tank No. L 24 X 6 .02 X159. 23,000 sq. cm. ( 3,560 sq. in.) 

TankNo.II. 167.5 (4Xl8.4 + 7rX63)... 45,500 “ (70,600 " ) 

Tank No. III. 59X7rXl30 . 24,200 “ ( 3,750 " ) 

The values of 6* as defined in equation (14) for the above tanks are: 

Tank No. S 

0.85 
0.67 
0.435 

Meihod of Loading. Each tank was fitted with tubes wound 
(non-inductively) with resistance wires of zero temperature co¬ 
efficient, and so arranged that by connecting in parallel various 
.combinations proper losses were supplied, at 110 volts pres¬ 
sure, to give three maximum oil rises ranging from about 20 
to 60 deg. cent. These tubes were so grouped that for each 
test the loss was uniformly distributed over the tank. By 
means of a diagrammatic record the same grouping was used 
at Pittsfield, at Boulder and at Leadville. The tubes were 
supplied at Pittsfield and at Boulder with current from an 
a-c. generator, and from an a-c. circuit of the Colorado Power 
Company at Leadville. The regulation was within one per 


I 

II 

III 
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cent under all conditions. In fact, at Leadville the regulation 
was considerably better than one per cent. 

The instruments consisted of 

One 150-volt voltmeter 

One 5-ampere ammeter 

One 600-watt, 15-ampere, 150-volt wattmeter 

One 10:1 ratio current transformer. 

The wattmeter was used to obtain a check on the input losses 
as found by the volt-ammeter method, (volts X am peres). 
The same instruments were used at both Pittsfield and Lead¬ 
ville. At Boulder the meters were furnished by the University 
of Colorado. All the thermometers were of the mercury bulb 
type and only those reading accurately within f deg. cent, by 
calibration were used. The four used for room read in i deg. 

divisions. The three used for the maximum (top) oil read in 
i deg. divisions. 

In order to obtain the temperature gradient along the sur¬ 
face of the tanks (for checking input against dissipated losses), 
thermometers were placed at short intervals from top to bottom 
on both outside and inside bend of corrugations. Small felt pads 
and putty were placed over the bulbs to protect them from the 

influence of the room. At Pittsfield thermocouples were welded 
to the tank surface adjoining five of these thermometer bulbs 
to obtain a check on the temperatures. The thermocouples 
and thermometers_ read together, in almost all cases, within 
1 deg. cent., showing that the felt pads were not causing hot 
spots from a blanketing effect. 

For each test the run was continued at least 8 or 10 and in 

some cases 15 to 20 hours after conditions became constant, 

and an average of these readings (observed hourly) was taken 
as the final value. 

CONCLUSIONS 

The present A. I. E. E. recommendation (§308) reads as 
lollows: 


Altitude Increased altitude has the effect of increasing the tempera- 

SLd mtheT® f/t ^he absence of information in 

regard to the height above sea level at which the machine is intended to 

f assumed not to exceed 1000 meters 

(ddOO ft). For machinery operating at an altitude of 1000 meters or less 

re^t-o "" l 1000 “leters is satisfactory, and no cor- 

ection shall be applied to the observed temperatures. Machines intended 

for operation at higher altitudes shall be regarded as special. See Para. 

IS recommended that when a machine is intended for service at 
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altitudes above 1000 meters (3300 ft.) the permissible temperature rise 
at sea level, until more nearly accurate information is available, shall 
be reduced by 1 per cent for each 100 meters (330 ft.) by which the alti¬ 
tude exceeds 1000 meters. Water-cooled oil transformers are exempt 
from this reduction. 


COMPARISON OF A. I. E. E. RECOMMENDATIONS WITH = A5 (5 + a) 


Altitude above f Meters, 

sea level 1 Feet.... 

A. I. E.E. (§308). 

Shape factor 5 

Per cent 

increase in temperature rise above tempera- 
±ure rise at sea level. 

1000 

3280 

0 

2000 

6560 

11.1 

3000 

9840 

25.0 

= 5.5 AS 

4000 

13,120 

42.8 

5000 

16,440 

66.8 

1.0 

5.5 

11.0 

16.5 

22.0 

27.5 

0.75 

4.12 

8.25 

12.4 

16.5 

20.6 

0.435- 

2.39 

4.78 

7.18 

9.57 

12.0 


The above indicates that for equal iron and copper losses 
the present A. L E. E. recommendations are for a difference 
of altitude of 3000 m. (9840 ft.), about 1.5 times too high for 
a surface with no radiation; about two times too high, for a 
surface dissipating 75 per cent of 'its loss by convection and 
25 per cent by radiation (which ratio corresponds somewhat 
more nearly to surfaces of simple corrugations)and about 
3.5 times too high for a plain surface {S = 0.435). For altitude 
differences greater than 3000 m. the error is larger, while for 
altitude differences less than 3000 m. the error is less. 

Recommendations. It is recommended that for self-cooled 
(oil-immersed and natural draft) transformer, either the form¬ 
ula 4> ~ AS {b a) or the one simplified and shown below 
be adopted and that no correction be made when .4 = 1 or less. 
If we assume that e = 1 and that the ratio of copper to iron 
loss is 3:2 respectively and divide the numerator and denom¬ 
inator of the expression for the shape factor through by "de¬ 
veloped surface,” we have 


or 



4 (5 + 0.6) 


1 + 1.3 


envelope surf. 
developed surf. 


5.6 4 
^ 1 + 1.3 


( 17 ) 


where R = area of envelope cooling surface divided by area of 
developed cooling surface. 
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Note; In practise R varies from 1.0 (plain surface) to 
approximately 0.125 (complicated surface). For natural draft 
transformers dissipating all heat by convection R = 0. 

^ Example. Let it be required to determine the temperature 
nse that a transformer in tank No. II (corrugations 8.9 cm. in 
depth) giving a 45 deg. cent, rise at sea level will attain when 
taken to an elevation of 3000 m. (9840 ft.). 

We have A = 3 


and 


Then 


46080 

121980 

= 0.378 

= 5-6 X 3 

1 + 1.3 X 0.378 

= 12.8 per cent* 


or temperature rise at 3000 m. above sea level will be 45 deg. 

(tm) ~ 

_ If It IS desired to make correction in the opposite direction, 

t.e., one of reduction instead of one of addition, and if we let 

4>r — percentage reduction in temperature rise at the high 
altitude 


(l>r = 


100 4 > 


100 + 4 > 

11.44 per cent or 


( 18 ) 


temperature rise at sea level will be, 50 7 deo- — 

V 100 / 

deg. = 45 deg. cent. 


50.7 


t should be noted that this percentage increase applies to the max. 
0 x 1 temperature rise rather than to the average temperature rise of the 
windi^s, which m some oases differs considerably from the oil. Since 

1 temperatures should be 

should if fi altitudes, the same number of degrees correction 

Should be made for the windings as for the oil. 



1916 ] 


DISCUSSION AT CLEVELAND 


627 


Discussion on Effect of Barometric Pressure on Tem¬ 
perature Rise of Self-Cooled Stationary Induction 
Apparatus” (Montsinger), Cleveland, Ohio, June 27, 
1916. 

R. W. Sorensen: Mr. Montsinger in presenting this most 
excellent treatise has placed before us a second set of data* for 
’ the purpose of enabling our Standards Committee to construct 
an accurate ruling, whereby the effect of altitude upon the heat¬ 
ing of electrical apparatus may be determined. 

In classing this as a second set of data, I have used that given 
by Frank and Dwyer as the first set, because in both these inr 
stances the test data used in arriving at the conclusions given, 
were derived from tests made largely at the same geographical 
locations; and also because the working up of these data was 
accomplished by the use of the same formulas of Dr. Langmuir’s 
and others, as may be seen from a comparison of the paper by 
Mr. Montsinger with that previously published by Messrs. 
Frank and Dwyer. 

Unfortunately, the results of the two investigations do not 
check as closely as would be desirable, as will be seen by the 
curves of Fig. 2. Also the curves obtained from these results 
do not approximate the A. I. E. E. rules (§308), as has already 
been pointed out by Mr. Montsinger in his paper. 

For our assistance, therefore, I should like to present data of 
a series of heat run tests that I made on two oil-insulated self- 
cooled transformers. These tests were made at Schenectady, 
New York, Pittsfield, Mass., Grand Junction, Colorado, and 
Leadville, Colorado, with altitudes of 75, 345, 1525 and 3190 
meters respectively, as indicated by barometer readings at the 
time and place of test. 

The transformers used for the tests were rated 60-cycle, 125- 
kv-a., 11,000 volts to 2300 volts, and contained approximately 
1300 pounds of active material (copper and iron). They were 
inclosed in corrugated sheet steel tanks with a cast iron base 
and wrought iron straps at the top for holding the corrugations 
in place. Each tank was about 5i feet high, and occupied a 
floor space of approximately two feet by three feet in area. 

The tests which I made, while not conducted in a special port¬ 
able room, as were those of Mr. Montsinger, were conducted 
with special care as to uniformity of ventilation conditions in 
the large rooms of the factories and power plants where the tests 
were made. Observations were made of humidity at each place 
of test, and agreement of conditions in this respect found to be 
such that no corrections for differences of humidity were 
necessary. 

*Frank and Dwyer “ The Temperature Rise of Stationary Induction 
Apparatus as Influenced by the Effects of Temperature, Barometric 
Pressure and Humidity of the Cooling Mediums,” page 235, A. I. E. E. 
Transactions, Vol. XXXII. 
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All heat runs were conducted by the standard motor generator 
method of loading two transformers for heat run, and readings 
of currents, volts and watts input to each transformer were made, 
to insure the accuracy of the knowledge of the watts to be dis¬ 
sipated, regardless of variations in wave form of voltage supply, 
etc. 

The results of these tests were as follows: 


Place. 


Schenectady.... 

Pittsfield. 

Grand Junction 
Leadville. 


Actual watts 
loss. 

Rise in oil 
deg. cent. 

Rise in oil deg. cent, 
reduced to same 
loss 4820 watts 

4820 

36.0 

36.0 

4820 

37.5 

37.5 

3965 

32.5 

38.9 

4570 

39.6 

41.8 


From these results there is plotted on Fig. 1, curve A showing 
the probable change in temperature rise at various altitudes for 
a constant loss of 4820 watts in the transformers., The points 
located on the figure show the actual conditions as found by the 
tests made.^ Considering curve A on Fig. 1 as indicative pf the 
true^ condition, it has been replotted as curve d?, Fig. 2. As¬ 
suming, however, the test at Schenectady (36 deg. cent, rise) 
as correct and using this as a base, a greater influence of altitude 

temperature rise of Leadville is compared 
with it and there results curve E, which has been plotted in Fig. 

because it shows this condition, and also because it gives a 
possible conservative rule easy to follow, its slope being such as 

to show 2 of 1 per cent increase in temperature rise for each 100 
meters altitude. 


^ -Applying to results of tests on these transformers Mr. Mont- 
smger s method of analysiswe find the tanks were similar to 
ose of Fig. 1, tank No. 2 in his paper, except in that the cor¬ 
rugations were spaced a^greater distance apart. The tank dimen¬ 
sions vrere 65 inches (165 cm.) high over all, and had thirtv-two 
( 7 ^' corrugations each, with a pitch of three inches 

follows^’ corrugation, making the developed surface as 


♦Corrugations 4 X66.5 X55 
Upper plain band 4(29+24.75") 
Lower plain band 6(29-(-24.75") 
Envelope surface = 65(29 -- 24.75") 

Therefore: 


14,630 sq.in. (94,500 sq.cm.) 
426 " " ( 2750 " " ) 

640 " " ( 4130 ) 

- 6950 sq. in. (44,g^00 sq. cm.) 

15,696 sq. in. (101,330 sq. cm. ) 


(Leadville) = —— X 3.19, 

1 + 1.3 (6950/15696) 


11.3 per cent. 


♦66.5 inches is the developed length of each 
the corrugated walls of the tank. 


one of four sheets of steel, makihi; ■’'Hip 
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At lirst si^ht this result does not appear to check very closely 
the tests made upon the 125-kv-a. transformers as will be seen 
comparing curves D and E with carve C of Fig. 2. A very 
careful consideration, however, of the data obtained from the 
tests on the transformers shows, a possibility of a very close 
agreement between these and the results obtained by Mr. 
Montsinger. 

At the time the tests were made on these transformers, it was 
feared that in moving about from place to place it would not be 
possible to have a fixed set of conditions at each place, and con¬ 
sequently a number of heat runs at different loads and voltages 
were made at Pittsfield (altitude 345 meters). These many 
tests, carefully made and checked with each other make them 



0 1000 2000 3000 

altitude above sea-level in meters 


Fig. 1—Temperature Rise of 125-Kw., 11000-2300-Volt Trans¬ 
formers Due to Change in Altitude. 

Curve A~Probable Temperature Rise Curve for 125-kv-a. 

Transformers as obtained from all Four Test Points 

Curve B—Probable Temperature Rise Curve for 125-kv-a. 
Transformers as Obtained with Tests at Pittsfield as Basic 

worthy of consideration in establishing a basic '‘rise of tem¬ 
perature.” 

With the temperature rise for a loss of 4820 watts determined 
at Pittsfield as a base, the possible temperature increase curve 
may be drawn through the Pittsfield and Leadville points as of 
curve S, Fig. 1. This curve shows arise of 37.5 deg. at sea level, 
which means an increase in temperature rise of approximately 
1.2 per cent at Pittsfield over that of Schenectady. 

By Mr. Montsinger’s formula: 

^ (Pittsfield) = 1 _ Is (6950A5696) ^ per cent.. 

With probable rise of 37.05 deg. cent, at sea level (Schenectady) 
and a rise of 41.8 deg. cent, at Leadville, there is an increase in 
temperature rise at Leadville over that at Schenectady (sea 
level) of 4.75 deg. cent, or 12.8 per cent, which compares favor- 
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ably with the increase of 11.3 per cent as obtained by the use of 
Mr. Montsinger’s equation (17j,‘and we can draw curve K as a 
possible curve for the 125-kv-a. transformers as of the tests made 
in June, 1910. 

It is quite probable, therefore, that the curve E is somewhat 
high, and that practically all self-cooled oil-insulated trans¬ 
formers would give results within the range limited by curves 
C and D. 

These facts show very clearly that Mr. Montsinger's paper 



Vi. XXXII ^ =«■ A. I. E. E. 

Tes^s’^'Ts ot Curve^A, Fia Transformers Obtained from 

In?Re7sE for EACH^^oTMETLfAtxiTTOE^''*'''*''^ 

AT?iXi?ijSc",\ro^F ^ WITH THE TesTS 

it^seeS^hSlW this problem, but 

^ ms hardly advisable for the following reasons to arinnt 
the recommendation as viven in Tnic adopt 

(17) is to be TT.-c TT whereby his equation 

a ci^e that ^ for a shape factor of 0.9, 

is Sble ^ coincides with curve E, Fig. 2. Also it 

,M,rj there may be conditions governine- the oil eir 
dilation of actual transformers different from tWe of the ev^ 
perimental apparatus uspri i\/f +. • • ^. txie ex 

results cn +w ^ Montsinger in obtaining his 

ults, so that some curve between curves £ and C of Pig. 2 
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would more nearly approach the average results of a large number 
of transformers of various designs. 

I would recommend, therefore, that, until further information 
can be obtained, an increase of temperature of one-half per cent 
be allowed for each 100 meters altitude, as this will be more 
nearly correct than the present rule and will at the same time 
allow ample margin for safety, as the f per cent is undoubtedly 
somewhat in excess of the necessary allowance. 

A. 1. E. E. rule § 308 would then read the same as at present 
with the exception of the next to the last sentence which would 
read about as follows: 

It is recommended that when a machine is intended for service 
at altitudes above 1000 meters (3300 feet) the rise in temperature 
shall be determined, until more nearly accurate information is 
available, by adding to the rise at sea level one-half per cent for 
each 100 meters (330 ft.) of altitude. 

Alexander Gray: If duplicate machines are tested by differ¬ 
ent men for temperature rise the results will differ. Accurate 
measurement of temperature is not easy and any small error 
in reading will give results from which it will be impossible to 
deduce any law of cooling. 

I once started some work on the heat dissipation from vertical 
surfaces but without great success. The apparatus consisted 
of a wooden cylinder on which strip copper was wound and the 
surface temperatures were determined by resistance measure¬ 
ments. By juggling coefficients I finally obtained a radiation 
coefficient of about 0.75 and a law of convection that agreed 
accurately with Lorenz law. I am inclined to think, however, 
that I was looking for such a law and adjusted the radiation 
coefficient to suit and, having come to that conclusion, I decided 
thereafter to leave the subject to the physicist. 

There has recently been developed at the Bureau of^ Standards 
an instrument by means of which the actual radiation from a 
surface may be determined so that the field looks promising for 

those interested in heating problems. 

It is of interest to note that in the report presented by the 
Transmission Committee, the Trinidad Company states that, 
at high altitudes, transformers ran ten per cent hotter than 
normal while rotating machines ran only^ five per cent h(^ter 
and yet the rotating machine is that in which nearly all the heat 
is dissipated by convection. 

When heat is dissipated by means of air blown over a surface 
a reduction of the density of the air causes an increase m its 
temperature but this does not necessarily mean that the surface 
temperature is increased by the same amount. There is a large 
temperature gradient between the surface and the air about 
which we know very little and because of this I do not believe 
that we are in a position to make any recommendation as to the 
correction to be made for barometric pressure. ^ ^ 

Experimental data such as those contained in Mr. Montsinger s 
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paper add to our knowledge of a very difficult subject but I 
believe much more of such work is necessary before we are in a 
position to make more than a recommendation as to the'cbrrec- 
tion for barometric pressure. 

^ V. M. Montsinger: In reference to Prof. Sorensen's discus¬ 
sion, although the curve which he considers most reliable checks 
very closely the results I obtained, he does not recommend a 
correction in accordance with the formula, but recommends one 
correction for all transformers, which is slightly less than the 
maximum correction by the formula. He states that it will take 
care of all the cases which come up. That is true. My point is, 
however, and I have tried to emphasize it, if we have only one 
COTrection factor for all types and have one transformer for 
which the correction is only about 7 per cent as is the case for 
a tank haying plain surfaces, for a difference of 10,000 ft. in 
elevation, it is not necessary to design this transformer with a 
niargin of 15 or 20 per cent. I believe that it is advisable to 
adopt some formula that will take care of this difference, be¬ 
cause if we attempt to continue to make one correction for all 
ypes of apparatus, especially for stationary and moving types, 
the problem will still remain in a very unsettled condition. 

Regarding Prof. Sorensen’s statement that the conditions may 
not have been the same, where I heated the tanks by means of 
resistance tubes, as are the conditions in an actual transformer. 

, his may be true if we considered only the windings of the trans- 
rmer and depended on them (or the resistance tubes) for com¬ 
parative temperatures. Due to the uncertainties of obtaining 
resistance measurements, the top or maximum oil is 
usuaiiy, tor comparative purposes, the better criterion. This 

altogether in comparing observed with calculated 

means of heating the tanks 
as compared with an actual 
would be necessary that the temperature gra- 

under thp ’ as affected by barometric pressure, change more 
does not condition than under the other condition. There 

an^c?urate1llhard to obtain 
“ hSw barometric pressure 

For thlt^rei^^^^^ ^'^ble to creep in 

on sav Le S concluLns 

tests made on^oh ctT there were three different 

uSirof examination of the tab- 

Stlv Ihtl f I although the tests vary 

^i^htly, which p to be expected, there are no large variations 

This wouJd indicate that the method of makinj the teSs 
considerablv more noonrcif^ ^ae rests was 

practise. accurate than the method usually used in 

It is under any condition, a difficult matter to separate radia- 
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tion from convection, but the law for radiation has been fairly 
definitely settled and convection follows somewhat the same 
law, but for smooth surfaces the problem is not as difficult as 
it would be if we attempted to separate the losses from moving 
machinery. For the latter condition, the surfaces are more irreg¬ 
ular and we do not know the laws, as a whole, under which the 
heat is thrown out from the machine into the air. 
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.THE RESTORATION OF SERVICE AFTER A NECES¬ 
SARY INTERRUPTION 


BY F. E. RICKETTS 


Abstract of Paper 

Since electricity has become recognized as the most important 
means for transmitting energy the value of uniformity in 
voltage and frequency has become more and more apparent. 
The phenomenal growth during the last few years in the elec¬ 
trical industry has been due as much to the marked advances 
in the methods for maintaining a uniform service as to any other 
cause. During this period of rapid development many papers 
have been written, setting forth different ideas^ as to ways of 
providing against interruptions. At the beginning, these ideas 
varied greatly, but now there seems to be some hope for a more 
uniform practise as to this type of apparatus. 

In writing this paper I have assumed that the field has been 
pretty well covered so far as the prevention of interruptions 
goes, but have to call attention to that class of interruptions 
which so far have been and will likely continue to be unavoidable; 
and have endeavored to describe certain means whereby the effect 
of unavoidable interruptions may be reduced to a minimum. 


G enerally speaking, alternating-current generators cannot 
be injured by overloading for a few minutes, and since the 
sudden interrupting of a"‘ circuit carrying heavy currents tends to 
produce abnormal voltages it is very advisable during abnormal 
conditions on an electrical system to keep all the switches closed 
except when the opening of a switch or switches is necessary 
in order to disconnect some section of the system that has be¬ 
come permanently disabled. Especially is this true when we 
consider the delay usually experienced in restoring service on a 
portion of a system that has been temporarily cut out, even 
though there may have been no trouble on that portion. 

Since the amount of service affected by the opening of a switch 
is in proportion to the nearness of the switch to the generator, 
the importance of keeping the switches closed increases as we 
approach the generators; consequently the generator switches 
should be arranged so that they will never open due to any over¬ 
load, however great the current may be. But for the chance 
of trouble within the generators themselves, the switches con- 
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trolling them would be better made non-automatic; however, 
with such an arrangement, in case a short circuit or a ground 
should occur within the generator, the service would be seriously 
disturbed until the operator could open the switch by hand, 
and there would also be a possibility of the generator being seri¬ 
ously damaged if not, destroyed. 

Pig. 1 illustrates an ideal scheme for the protection of genera¬ 
tors. The generator is three phase, but in describing the scheme 
we need only consider a single phase as the action of the others 
will be the same. At each extremity of phase A there is a cur¬ 
rent transformer, transformer A 1 being near the oil switch and 
transformer A2 being in this case near the neutral, so that any 
current passing completely through phase A will produce in the 



secondaries^ of the two transformers, currents that are exactly 
equal and in phase, the transformers having equal ratios and 
connected so that their secondaries will work in series with their 
instantaneous voltages in the same direction. Then if a relay 
such as ^3 is connected with its actuating coil between the two 
wires connecting the transformers, and its contact circuits con¬ 
nected to both the trip coil of the switch in the armature circuit 

switch in the field circuit, the terminals 
o^ he actuating coil of the relay will always be at the same poten¬ 
tial as long as there is no leakage of current in the winding of 
phase A , regardless of the load on the generator or whether it is 
operatiUj^ as a generator or motor. Therefore, as long as there 
IS no trouble in the generator, no current will flow through the 
coil o the relay and there will be no tendency to trip the switch^ 
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but just as soon as current starts to leak from phase A to one of 
the other phases or to ground, there will be a difference in the 
value of the current flowing through the two transformers, which 
difference will be represented by a current in the secondary of 
one transformer, but not in the other; therefore this unbalance 
in the secondaries will have to flow through the actuating coil 
of the relay which will cause its contacts to close and instantly 
open both the armature circuit and the field circuit, thereby not 
only preventing current from feeding from the bus into the 
damaged generator, but also preventing the damage that would 
have been caused by current generated by this generator had the 
field circuit remained closed. 

Now, that we have the generator switches arranged so that 
they will not open on overload, so long as the generator is in 
working condition and the other switches on the system assumed 
to be equipped for selective operation, let us consider what would 
happen if, when an arc occurs betw^een two conductors of the 
system at a point where the insulation will not be permanently 
impaired we simultaneously interrupt the field circuits of all the 
generators for a short interval of time; say, one or two seconds. 
When the field circuits of the generators are opened, the voltage 
of the system will very quickly drop to near zero, especially is 
this true when the short circuit is severe, in which case the heavy 
armature current will tend to demagnetize the generators, even 
before the field circuits are opened. This drop in voltage will 
be much more rapid than could be accomplished by reducing the 
voltage applied to the field circuits while the field circuits re¬ 
main closed since then, as the magnetism .of the fields decrease 
there would be induced in the closed field circuit a voltage th^t 
would oppose the decrease in field current. Figs. 2 and 3 give 
a comparison of the relative time required for the armature 
voltage to die out when the generator field is opened and when 
the exciter field is opened. Fig. 2 is for opening of the generator 
field and Fig. 3 for the opening of the exciter field. If the exciter 
voltage were lowered by cutting resistance in the exciter field, 
the time would be still longer. By the time the fields close the 
arc will have ceased, and as the current builds up in the fields 
the armature voltage will rise gradually from zero to normal, with 
total absence of voltage surges and an armature current not ex¬ 
ceeding 200 per cent normal. As the armature voltage rises to 
normal, the service on the entire system will be restored. How 
ever, to accomplish the best results, special arrangements of 
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relays should be provided, and when there are synchronous 
motors on the system, special features should be incorporated 
in their design. 

To assist in the detail description of this system in practise, 
Pig. 4 is shown, which for practical purposes illustrates the sys¬ 
tem as it has been successfully used by the Consolidated Gas 
Electric Light and Power Company, of Baltimore, for the past 
three years. A motor M is connected through a train of gears 



S/.V U./ 

SECONDS . 

Pig. 2 


to a dial switch A in such a way that when the motor is in opera¬ 
tion the dial makes one complete revolution in one minute which 
is the time required for one cycle of operation of the system. 
The motor is set in operation in response to either of the relays, 
1, 2 or 3 which are connected to current transformers in the 
armature leads of at least one generator that is in operation on 
the system to be protected. These relays are connected to 
transformers in the generator leads rather than in any other 



SECONDS 

Fig. 3 


part of the system for the reason that they will then always be 
subjected to the same current during a short circuit regardless 
of the number of generators in service, whereas, if they were 
placed in the outgoing circuits they would, during a short cir¬ 
cuit, be subjected to a current that would be in proportion to the 
number of generators in service at the time. The action of the 
relays to start the motor is delayed by a definite-time-limit relay 
tor two seconds in order or give certain of the selective relays 
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on the system time to operate or cut out a minor circuit that may 
be short-circuited, but this time must be less than that required 
to operate the relays controlling the major part of the system. 
Very soon after the time-limit relay has caused relay Rl to pick up 
and start the motor, segment B which is carried by the rotating 
dial will touch a contact which will apply current to relay Rl 
during one complete revolution of the dial independent of the 
time-limit relay. This prevents the motor from stopping after 
it has once started until it has completed one cycle. Imme¬ 
diately after is locked a button on the dial touches a contact 
that closes relay R2, which trips out all the field switches, and 



about two seconds later another button on the dial touches a 
contact that closes relay R3 which closes all the field switches. 
The voltage regulator will boost the exciter voltage to a maxi¬ 
mum, while the fields are opened so that when the fields are 
closed the field current will build up to a maximum which is very 
desirable, as the time required for the generators to pull in step 
varies inversely as the strength of the field currents. However, 
when the generators pull in step the voltage may rise so rapidly 
that the regulator will not be able to control it, therefore, to 
prevent the voltage from rising too rapidly and overshooting, 
the relays, i?4, R5 and RQ are controlled by the segments near the 
center of the dial so that during the first one-third cycle of opera- 
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tion, one-half the resistance in series with the voltage-regulating 
coil of the regulator will be short-circuited and the resistance 
will be cut in circuit in steps as the dial rotates, all of the re¬ 
sistance being in circuit at the end of the cycle. 

Therefore, since the regulator operates to maintain a constant 
current in the voltage coil, the voltage will be maintained in 
proportion to the resistance in the circuit of the voltage coil; 
that is, the voltage will be restored to normal gradually, which 

is of great importance in pulling the motors on the system into 
synchronism. • 


During the operation of the device, the induction motors will 
slow down and come back to normal speed, but the relays con¬ 
trolling them should be set for a rather high current, say 400 
per cent load to prevent them from tripping before the motors 
are up to speed. This high setting will not be dangerous as the 
motors will stand a heavy overload for a few seconds ■without 
heating to a dangerous temperature, and in case a motor burns 


out sufficient current will flow to trip the relay. 

Synchronous converters present a more difficult problem since 
they lose a great part of their torque when they get out of phase, 
and their polarity on the direct-current side depends upon the 
polarity of the brushes when they come into synchronism, there 
being an equal chance that they will have one polarity or the 
other, since the polarity of the brushes changes every time the 
armature gains or loses one pole. 

Tins reversing may be overcome by exciting the fields from an 
external direct-current source which is not disturbed by the short 
circuit so that the converter armature will not lock in step when 
the_ brush holders are of the wrong polarity. This separate 
excitation need not be equal to that at which the rotary normally 
operates; in fact, it should not be of full value as it may cause the 
converters to flash at the brushes as they are pulling into syn¬ 
chronism. In most cases 25 per cent full value of field current 

polarity being correct. Fig. 5 illustrates one 
method that has been successfully used to accomplish the above 
result. A converter 1 is connected to the positive and negative 
buses through automatic circuit breakers and has its neutral 
grounded. There is also a storage battery 2 connected to the 
buses to take the load during short interruptions on the alter- 
natmg-current system. When the fields of the generators open 
and the voltage decreases, current wall flow from the battery into 
he converter until the breakers open. Then, since the voltage 
of the rotary is not sufficient to hold up the relay Rl, the plunger 
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of this relay will drop, opening its own circuit and closing that 
of relay R2 which connects the negative bus to a point between 
the field coils and the rheostat, so that current will flow from the 
ground through the transformers to the armature and thence 
through the field coils and rheostat in multiple to the negative 
bus, the voltage impressed on the field coils being half normal 
and in the direction to give the proper polarity at the brushes. 
Therefore, when the converter comes up to speed it will be ready 
for service. 



Switch in 60 Cycle 



Fig. 6 


Generators Resistance Capacity 

5000 kv.a. 0.5 ohm 150 amp. 
3000 “ 1 “ 75 “ 

1000 kw. 2 “ 50 


When no battery is used on the bus, a small battery capable 
of furnishing the field current should be connected between the 
neutral and wire marked 3 which would then not be connected 
to the negative bus. In order to prevent the relays controlling 
the a-c. side of the converter from tripping while the converter 
is out of synchronism, they should be set for about 400 per cent 
normal load. 

With synchronous motors the problem is more difficult, since 
they lose a part of their torque as soon as they get out of syn¬ 
chronism. In this case it becomes necessary to reduce the load 
to a point where the motor will pull in step. One method of 
accomplishing this is shown in Fig. 6 which illustrates the con¬ 
nections for reducing the load on a motor-generator until the 
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motor can pull in. A single armature lead is shown, as the con¬ 
nections to the others are similar. In this armature lead is a 
current transformer which furnishes current to two relays one 
of which A is connected to trip the main switch controlling the 
motor,, is set for 400 per cent load and should have an inverse¬ 
time characteristic such that it will trip in about one-third of a 
second at the maximum current the motor will feed into a short 
circuit, then it will not trip under heavy load or when a short 
circuit occurs on the system, but will act very quickly when 
trouble occurs in the motor. This protection could also be 
accomplished by the scheme recommended for generator pro¬ 
tection earlier in the paper; however, the arrangement shown in 
Fig. 6 has the advantage of protecting the motor should it get 
out of step and for any reason be unable to regain synchronism. 

ere is also in the circuit of the current tranformer a relay B 
which is so^designed that it will pick up at a current correspond¬ 
ing to 200 per cent load of the motor, and after it has once picked 
up, it will not drop till the load on the motor is normal. Re¬ 
sponsive to the relay R is a switch in the field circuit of the 
generator, which has connected in parallel with it a resistance E 
t at, when in circuit, will limit the load on the generator to a 
point where the motor will pull into synchronism. Therefore, 
as the voltage on the system builds up after an interruption, 

efore the current in the motor is great enough to operate relay 
A , relay B will pick up and trip the field switch, which will cut 
in the resistance E and thereby limit the load on the motor to a 
point where the motor can pull in without operating relay A. 
It will also be noted that there Is a relay F which picks up in 
response to the voltage across resistance E, and opens the cir¬ 
cuit of the trip coil of the field switch and closes the circuit of 
the closing coil, so that when the motor pulls into synchronism 
and the current decreases to normal the field circuit breaker will 
be closed and the voltage on the generator will be restored to 

normal, also the voltage across relay F will drop to zero and it 
will reset itself. 

The design of synchronous motors affects to a great extent 
their ability to pull back into synchronism, the greatest item 
being the resistance of the damper winding. Some motors will 
not pull back_ without any load with full voltage applied to the 
amature, while others with properly designed damper windings 
will pull back as much as 65 per cent of full load with only 80 
per cent of full voltage on the armature. I know of one machine 
that would not puU in without load that pulled back with full 
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load after its poles had been replaced with ones with very low 
resistance dampers. However, these low resistance dampers 
give very low torque at low speed and make it practically impos¬ 
sible to start the motor by‘applying low voltage at normal 
frequency to the armature, making it necessary to start with an 
i.nduction motor. When a heavy current flows in the armature 
of a synchronous motor while it is out of phase, the fields are 
subjected to a considerable stress by induction and it is there¬ 
fore advisable, though not necessary, to insert reactors in the 



Fig. 7 


armature leads. This reactance 
should bring the total of the cir¬ 
cuit to about 20 or 25 per cent, 
and can be provided in the wind¬ 
ing of the motor in new machines. 
This reactance may seem rather 
high but the motors can be oper¬ 
ated at unity power factor under 
which condition it will have no bad 
effect, and when the motor gets out 
of synchronism, the inductance of 
the armature will be high audits 
voltage will be in phase with that 
of the reactance, therefore the 
voltage across the armature wind¬ 
ings will be materially reduced. 
This is shown graphically in Fig. 7. 
A shows the distribution of volt¬ 
age between the armature and re¬ 


actance when the motor is operating at 100 per cent power 
factor while B shows the same when the motor is running out of 


synchronism. 

Fig. 8, which shows a portion of a voltmeter chart taken at a 
generating station protected by this system during an electrmal 
storm, illustrates the effect of lightning strokes on the service. 
The voltage was compensated for constant voltage at the supply 
point, therefore the shape of the curve shows the amount of 
load dropped and the rate at which it was restored. 

The troubles at 4.14 and 4.18 were cleared by the fields being 
opened after the trouble had been on for four seconds. The 
trouble at 4.22 was cleared by other devices before the short 
circuit had been on long enough to cause the fieMs to open. 
It will be realized that the instant a severe short circuit occurs 
the substation machines begin to slow down and, when the fie s 
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are set to open after four seconds, will be considerably below 
speed even before the short circuit is cleared, which adds to the 
delay in restoring normal conditions. 

Fig. 9 shows a section of a voltmeter chart recorded at the 
same generating station as that shown in Fig. 8. Here the 
fields of all the generators were opened for one second while 
there was no trouble on the system, and it will be seen that there*'- 
was no loss of load. It will be evident that if the fields were set 
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Fig. 8-~-Voltmeter Chart, June 21, 1913, Holtwood Power Station 

to open instantly when a short circuit occurs, the system could 
be restored to normal with no more disturbance than would 
be caused by a short circuit that was cleared by the opening of 
an oil switch set for one or two seconds. However, in this case 
the overload relays would have to operate after the fields closed, 
when the trouble was of a permanent nature. 

In practise, this system has proved of great value in clearing 
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Fig. 9 Voltmeter Chart, Aug. 7,1913, Holtwood Power Station 

short circuits in the main bus structure, such as are sometimes 
caused b}' the failure of an oil switch or the accidental starting of 
an arc between buses. A further advantage is gained in starting 
a system after a general shut down, which can be done by closing 
all the alternating-current switches while the fields are open, 
and then, w^hen the fields close, all the generators will synchronize 
and bring the entire system up to normal, no telephoning being 
necessary, as the vmltage will build up gradually and therefore 
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not damage any machines that may be left in service. This may 
be done even in cases where the service has been off for 10 or 15 
minutes. When there are several generating stations operating 
in parallel there is no difficulty in getting the field breakers of all 
generators open at the same time, since the short circuit strikes 
all the stations simultaneously. If some of the breakers open a 
little before the others or if some of them do not open at all there 
is no bad effect. 

Up to this point I have discussed only that class of inter¬ 
ruptions that affect the entire system. There is, however, 



another class which affects only a minor part of the system, for 
example alternating-current distribution feeders that are not 
tied in with other feeders after they leave the station. More 
than 50 per cent of the short circuits on these feeders are of a 
temporary nature, and therefore clear themselves as soon as the 
feeder trips out; but by the time the operator can close the switch 
again the motors have shut down. This in effect gives an inter¬ 
ruption of several nimutes as the customer will be slow in starting 
up. Since an arc breaks within a fraction of a second after the 
voltage is cut off we may, by closing the switch quickly, prevent 

the motors from shutting down. 

Fig. 10 illustrates a system that has operated very satisfactorily 
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to cleai'* temporary short circuits on distribution feeders, when 
the short circuits are of such a nature that they will not re¬ 
establish themselves after the arc is once broken. 

A feeder A is connected through an electrically-controlled 
oil switch to a station bus B. The switch C is for operating the 
switch manually, and relays R1 and R2 are for tripping the 
switch in response to current in the feeder, and serve the purpose 
of the usual overload relays. Transformers T1 and T2 are 


A 
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SECONDS 


Fig. 11 

connected one on either side of the oil switch, and in such a way 
that when the oil switch is closed their voltages will oppose 
each other, and therefore there will be no voltage impressed on 
relays RZ and Ri. Then, when an arc occurs on the feeder, 
either of the relays i?l or R2 may trip the switch but as soon as 
the current is interrupted by the oil switch the voltage on the 
two transformers T1 and T2 will become unbalanced, which 


A 



V-i-1--H " ' ■ I ' I-i-)-1-1-1 

0 0.1 0.2 0.3 0.4 0.5 0.6 0,7 0.8 0.9 1.0 


SECONDS 

Fig. 12 

will cause current to flow through relays RZ and R4 :; RA will 
pick up instantly, but R3 being a time-limit relay will start 
to move but will not close its contacts for a predetermined time. 
W'hen relay RA closes its contacts, current will flow through relay 
Rby W'hich will close its contact, and thereby close the oil switch. 
If the short circuit is still on the feeder when it is made alive, 
relays R1 and R2 will trip the switch again and RA and R5 will 
close the switch as soon as the potential across the switch is 
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unbalanced. This opening and closing of the feeder switch will 
continue until the relay closes its contacts, thereby short- 
circuiting the upper coil of relay i^4j which will prevent this 
relay from further operation until the voltage across RZ has been 
reduced to zero for sufficient time for it to return to its starting 
position. This is done after the trouble on the feeder has been 
bleared by opening switch E and closing the oil switch by means 


A 



SECONDS 

Fig. 13 

of switch C; then the system can be put in operation again by 
closing switch E. If the arc breaks the first time the oil switch 
opens, RZ will return to its starting position making the appara¬ 
tus self-setting. 

In order to illustrate the accuracy with which this system 
operates, and its effect on the service, I have shown oscillograph 
records. Figs. 11, 12, 13, 14 and 15, which were taken on a 
6600-volt system protected by this method. The arc was 



SECONDS 

Fig. 14 

started by throwing a one-inch (2.54 cm.) spark gap, short-cir¬ 
cuited by a fuse wire, across the circuits. 

In Figs. 11 and 12, A shows the bus voltage B the current in 
one leg of a 200-h.p. induction motor carrying full load, and C 
the voltage on the feeder. To make the test most severe, the 
short was made near the switch and the load on the motor was 
provided by a direct-connected generator supplying current to a 
resistance, so that the fly-wheel effect would be very small. It 
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will be noted that the time of operation was the same in each case 
and that the load was not very great after the operation. The 
conditions under which Fig. 13 was taken were the same as for 
Figs. 11 and 12, except the motor was running idle. In Fig. 
14, A gives the voltage on the bus, B full-load current in the 
motor, C the voltage of the direct-current generator and D the;, 
zero line for C. It will be noted here that the direct-current 

m m m . . .. 
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SECONDS 

Fig. 15 

voltage remained practically constant showing that the speed 
of the motor did not drop off materially. Fig. 15 was taken 
under the same conditions as Figs. 11 and 12 except the spark 
gap was made so the arc would not break. This shows how the 
number of operations was limited. 

Fig. 16 shows the operation of the system with a later type 
oil s'^dtch; A is the voltage across the switch and therefore shows 
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SECONDS 


Pig. 16 


the time the switch was open, 5 is a timing curve taken from a 
circuit of 62| cycles and C shows the current in the short cir¬ 
cuit. It wm be noticed that the switch opened much quicker 
and closed slower than the old type switch used in the other 
tests; the total time of operation, however, was about the same. 
_ The tests shown above have been repeated many times and 
in no case has the time required for similar operations varied 
more than one fiftieth of a second. 
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Discussion on “The Restoration of Servic^ After a 
Necessary Interruption” (Ricketts), Cleveland, 

Ohio, June 27, 1916. 

Harold Goodwin, Jr.: These relays pr^njed Rick¬ 

etts in this paper are most interesting, and the resets ot the 

operation of the system of the 

’ Fleotric Light & Power Company, particularly in connection 
S5h the euLnt received from Holtwood show their very great 

^^ThSfis'oiie particular point to which I wish to call attention 
and that is where the text reads: ‘‘D^iri^e opera^ of the de¬ 
vice, the induction motors will slow down bacK to 

normal speed, but the relays controllmg them should 

rather high current, say 400 per cent I',® I 

tripping before the motors are up to speedy and if Si of 

think, if the motors are aU equipped with relays ^ 

the motors were in power plants handled y p ’ 

tbe svstem reaches out and reaches down to the smaller users 

S c»r2”™t„rs are coonected 

qi-mnlv fuses Were all the fuses capable of carrying 4(jU per ce 
normal current they would fail in ongina pur^ 

tecting the motor under abnormal conditions and the 
tion system under starting conditions. Withou S ^ 

details let us note that the original P^^^Pf ^ ^etting^S 
device need serious consideration before an extreme setti g 

Schuchardt: Fig^ 1 showr S- 

tection, regarding the efficacy of whi had a 

mony. On _ the system in Chicago we recently^ naa^^a 

breakdown in the armature coi o ^ Rick- 

Txrifin a doVipiTie vcrv similar to that shown by 

etts Iffif generator switch and the field switch were very 

?rinp% op'eneTby the relay add the ^XflfSTlaJ 

rk rooeratffirSn be better understood by comparing with 
simikr breakdowns which occurred _ years 

Tn^ll rf ttt cases'the operator, who has a of he 

generators, saw the flash and very promptly opened 
but almost invariably all coils were • , • v 

The very interesting scheme described in which tne nma 
If ig opened during certain cases of t , ) PP 

rntlv aoDlSble primarily to overhead transmission lines 
and comfderable modification would be 10 

to underground systeins. ^he _ arrangem ^ 

can be applied to distributmn circui _s a m , ^ ^ where 

nf particular value where these circuits are overheaa ana wnere 
ot particular vaiue wucj. cTOi+ch to onen are often only 

disturbances which cause ^he switch to p 
momentary. It would be worth while to work out a moditication 
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of this scheme applied to an automatic pole-type switch con¬ 
necting branch circuits, thus reducing the extent of interruptions 
and thereby still further improving the high record of continuity 
of service which is now enjoyed by modern systems. 

H. R. Woodrow: I agree with Mr. Ricketts regarding the 
installation of relays on generating circuits. As we have found, 
the burnouts in generators rare, and the reliability of present 
automatic devices somewhat questionable, we have considered 
it wise to keep the generator switches non-automatic. 

^ In the generator balanced protective arrangement described 
in the paper, a loose cable contact, or a slight difference in cur¬ 
rent transformer characteristics, might cause the relays to operate 
on straight overload. I would like to inquire if this has ever 
occimed on any of the systems using this form of protection. 

ihe wonderful improvement in sensibility and reliability of 
reverse-power relays looks promising for an application in mak¬ 
ing generator switches automatic. 

I would like to ask Mr. Ricketts a question regarding the 
openmg of the generator field circuit. In our experience the 
opening of a generator field switch has always caused a heavy 
voltage disturbance on the exciter system. Quite recently a 
single-phase short circuit occurred in a generator which produced 
high alternating currents and voltages in the field circuits, caus¬ 
ing a severe disturbance on the whole excitation system and 

the ^exciter^b^' which happened to be connected at that time to 

ida .okT® ^."considerable generator field resistance or 

of T -n "Circuit, an opening 

of the field circuit will undoubtedly cause a heavy voltaee dis¬ 
turbance in these circuits. voiiage ais 

I would also like to inquire if there is any provision made for 

prorSSf opened? That is, any 

SSidlv h rise very 

Also wbe^ circuit is opened and the load is taken off. 

provision is made are thrown back in service, what 

Sersf commutators of the 

service^n the mannt attempted to restore 

to serious damage 

however thprp In this case, 

In 4nera? T If w excitation bus. 

fhere there are ^ large concern 

we very raff fiudfn ^"fiber of underground cable lines, as 

dple Afcrfte aXAl'rs to*1n°F.rw t '5"“ ■1^''^- 

I? oucToXwl^' hTr?‘bf"'’ 

automatically opened, and in case! 
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the operators are instructed to throw the switches in at least 
twice after they have automatically opened during a lightning 
storm. In over 50 per cent of the cases the service is restored 
without further disturbance. 

I wish to bring out one point as a warning in accepting this 
method of restoring service; that is, this method cannot be used 
unless the switches are completely automatic. That is, unless 
they will immediately open if thrown in on a short-circuited 
feeder. 

E. T. Street: I notice that the scheme devised for protecting 
the generators will multiply very largely the number of current 
transformers on the system. The current transformers on our 
system have given us a good deal of trouble, and I am of the 
opinion from what I have read, and I ask if it is correct, that 
the burning out of one current transformer would shut dowm the 
entire station until the transformer was found and isolated. If 
that is true, I am afraid that the scheme will increase the lia¬ 
bility of serious trouble from a small cause. ^ 

George A. Burnham: There is one point which might be 
worthy of consideration, in reference to the elimination of po¬ 
tential on the system to reduce the trouble as a whole, caused by 

a fault in one of the generators. . 

It would appear to be a disadvantage to reduce the potential 
to zero for the length of time which Mr. Ricketts states, in view 
of the fact that in nearly all of the industrial plants either the 
individual switches which control the motors or the service 
switches are equipped with no voltage release of the instantane¬ 
ous type and the loss of potential at these attachments would 
undoubtedly disconnect a very large portion of the load on the 


^The arrangements which Mr. Ricketts has described, coidd, 
it seems to me, be utilized more effectively and with less lia¬ 
bility to interruption of service, if, instead of opening all ot the 
field switches of the generators on the occurrence of the fault 
in one generator, the balanced relay tripped on y ^ 
of the faulty generator and then allow the . u 

generator switch to disconnect the generator fie , . , • ^ 

sequently or simultaneously. This would reduce the potent al 

to zero on the faulty generator instantly 

connected from the bus and prevent fur - generator 

could easily be arranged so that the aforem ^ ^ ^rendered 
field switch would be non-autornate, exc^p ^ 

automatic by the operation of the connected 

dition of an extra contact on the relay whic ^ ^ generator 

in series with a circuit-closing switch on th^ 

breaker. With this arrangement it would ^d 

faulty generator <^ould be very 

the potential removed from said gperator m oru_ 

further destruction, without it being necessary to remo 

potential from the entire system. 
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John B. Taylor: From the discussion it appears that some 
members approve certain features of the automatic system, but 
doubt how far operating and other conditions may be comparable 
to the systems with which they are more familiar. Devices 
such as these cannot be applied indiscriminately to any existing 
system, since much depends on the character of the load; the 
ratio of cable mileage to overhead lines, the transmission and 
distribution voltages and the principal causes of interruption. 

L. FT. Crichton: The part of Mr. Ricketts’ scheme that ap¬ 
peals to me most is the service restorer device. Mr. Ricketts 
has taken quite an active part in the advance of the automatic 
sect ion alizing and it is fitting that he should turn his attention 
toward methods for restoring service after, for any reason a 
circuit has been disconnected. 

I recently had the pleasure of seeing that automatic service 
restorer device in operation, and it was quite remarkable as to 
the rapidity with which the various pieces of apparatus were put 

^ there was no induction motor or any load 

of that kind at the point where I saw the test being made, and 
I doubt very much whether a man at some little distance away 
from the motor would have known there had been any momen¬ 
tary interruption of service at all. 

It seems to^ be a scheme particularly useful for high-voltage 
Imes^ distributing small amounts of power, where the lines extend 
out in the country for a good many miles, and where lightning 
conditions are such that if a scheme of that kind is not adopted 
reliable service could not be given to a good many classes of 
service. I believe there will be quite an advance in the art of 
giving continuous service by the use of this device. 

Joseph. T. Kelly, Jr.: With regard to the point which Mr. 
I^oodwin made, relative to the 400 per cent set of motor relays, 

1 can only say, that the system has been in operation now for 
something over two years, and we have never heard of a case 
of trouble of that sort. In fact, as was stated here a moment 

cases I suppose very close to one hundred per cent 
of the cases—customers never know that there has been an 
inte^uption on the feeder service. Looking at the lights, there 
is a barely preceptible blink, and looking at a motor it is almost 
^possible even though ^watching for it, to notice that there has 
been any slowing down in the motor at all. 

Regarding the application of the scheme to hand-operated 
swi c &s, so far Mr. Ricketts has not been able to do much work 

1 of fact, there is one remaining sub- 

s ation of the Consolidated Company equipped with hand-oper¬ 
ated switches, and at the present time work is under way to re- 
place all that switchboard equipment with electrically-operated 

system, and when that is done all 
pt the substations of the Consolidated Company will be equipped 
in this manner. 

As to the opening of the field circuit causing a disturbance on 
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the exciter system, the point mentioned 

of our exciters have storage batteries connected with toem and 

that, doubtless, makes a difference. We do not have any troubl 

whatever due to the opening of the field o o®- imder- 

As to the matter of the application of the device to u 
ground cables, of course, when an ^^^erground cable breaks 

down usually the trouble is not of a nature, ^ , break- 

when the potential is cut off. It is usually a 
down, and consequently though removing potent^l and th 
re-applying it, the trouble would still be present 

are cLes'in which the cable heals itself or will reestablish 
an arc when the arc has once been broken. In any 
momentary application of voltage to the 

harm, because the whole cycle takes place '^.^bout 7/10 of a 
second, and there cannot be a sufficient flow of current “to the 
fault in that length of time to cause disastrous resul , 
even on an underground system there can be no bam m using 
this system, and to that extent, I would 

the overhead system. In fact, on the Consolidated system, 
everv feeder going out of a substation, goes out under ground fo 
fg^ateitr iSs distance, and the automatic opening and dosing 

device is applied to these feeders impartia y. 

If the tmuble is on the overhead, and y^sient if |ie 
trouble is on the underground, and clears b?eif > fbe syste ks^ 

Of course, if it is a permanent short circuit tbe system ^ib ijot 
work, and in that case, after the pr®determmed number 

matic closings the switches will remain foaijrth time the 

are set to close three times, and if they open the fourth time tne 

switch remains open until maiiually closed. c 

Mr. Sweet raised the question about tbe burnmg 
rent transformers. As I understood it, , -r case 

with the first scheme for protection of the wS 

there are two current transformers, one on there would 

ing of the generator-if either of these burned out ther^^ 
without doubt, be an unbalanced current “ .Jb® secpndari^ 
in other words, the current m the two ®'^J?^“;:ansfor^^^^^^^^ 
one faulty and the other not faulty, wouH not be 

equal, and consequently tbe relays would oper^e to cut t^^^ 
generator out of service, including the transformers connected 

to it, and the system would not be . venerator 

Mr. Burnham raised the point about trouble i ^ 

catLsing an interruption _on the ^ Ricketts’ paper, 

be the tmfS flenVlf if teSe oSs! 

be disconnected from the cmcmt wAont 

opening the fields on the rest of the appara u ■ fUat of the 
RATblti'no- to Mr Taylor regarding the system, that ot tne 

BaSe Consdidated Gas, ElectriS Light & Power Cornpany 

a 23n0/4000°volt four-wire distribution system, the trans- 

miiorvdtTe beLSn substations being 13,200 volts w.th a 
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grounded neutral, and the field-opening device is also used on the 
60,000-volt transmission line from the generating station of the 
Pennsylvania Water & Power Company at Holtwood, Penn¬ 
sylvania, to Baltimore, although, as Mr, Ricketts mentions in¬ 
cidentally in his paper, in that case the timing device is set for 
four seconds instead of two seconds, as used in the Consolidated 
system. The reason for that is that the Pennsylvania Water & 
Power Company also uses the Nicholson device and Mr. Ricketts’ 
field opening device is so set as to give the Nicholson device a 
chance to operate first, and then if that fails to clear the trouble, 
or does not succeed in entirely clearing the trouble, then the 
field opening device will operate. As Mr. Ricketts points out, 

tha,t delay of four seconds imposes very much more severe con¬ 
ditions in restoring service. 

I have not in mind figures as to the relative amounts of under¬ 
ground and overhead feeders in our system—every feeder, as I 
said a moment ago, goes out from the substation underground, 
and the overhead portion is limited to the acutal distribution 
portion of the feeder; many of the feeders distribute entirely 
underground, and the system is applied impartially to all feeders. 

I he capacity of our generating station at the present time is 

kv-a. nominally, and will be increased 
within the next couple of months to about 70,000 kv-a. 

I might say, in closing, that the proof of the pudding is in the 
eating. This system was first applied to a suburban substation 
^ ^ operator is kept, something over two years ago 

and It has operated with the greatest satisfaction. When a 
feeder ti^s out, a relay closes a contact and rings an alarm bell 

foreman, about three-quarters of a 
mile distant. That bell may either make two or three, or even 

and may make three short indications 

continue to nng In other words, if a feeder drops out 

R ft dSn? so indicate., 

iai^nt itself, the same. If the feeder 

otnV wi'tV.i'n tf, ^ continues to operate. So with no oper- 

S bv substation is taken care 

of by this device, and it has been in satisfactory use there for 

t£ annarati?aT'^?®^a^^ present time 

statSTtSe coSpmy 
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STUDIES IN LIGHTNING PROTECTION ON 4000-VOLT 

CIRCUITS 


BY D. W. ROPER 


Abstract of Paper 

Investigations forming the basis of the paper have been 
carried on for a period of five years. ^ They were made on a 
system which at present supplies service to 250,000 customers 
over some 3000 miles of circuit, through about 16,000 tmns- 
formers. During the experiments a number of theories have 
been tried out in practise and the results of the experiments are 
given in some detail. At the beginning of 1915, three distinct 
types of arresters and three schemes of protection were in pse. 
The conditions during the year 1915 and the records obtained 
from lightning storms during the year are set forth by means 
of a number of maps, drawings and tables. An analysis oi the 

results is followed by a list of conclusions. ^ 

The several methods of improving the lightning protection 
have together resulted in eliminating over 90 per cent oi the 
troubles from lightning. 


I —Description of the System 

T he distributing system on which the investigations 
herein contained were made, covers about 180 square 
miles in the city of Chicago, and supplies about 250,000 customers 
through about 16,000 transformers. During the five years 
covered by these studies, the load has increased from 28,600 
to 73,900 kw. The system of distribution is four-wire, three- 
phase, with 2400 volts (nominally) between each phase wire 
and the neutral wire, the latter being grounded only at the sub¬ 
stations. The system is supplied by 125 feeders from 15 sub¬ 
stations, as shown in Fig. 1. All of the feeders l®3.ve ® 
stations in four-conductor underground cable, of which there 
are over 200 miles (321.8 km.) On the average the feeders 

extend, therefore, nearly two miles rte 

before connecting to the overhead lines, and the leng 
overhead feeders is about 25 per cent of t e to a eng . 
are, roughly, 3000 miles (4828 km.) of pnmary ^ 

mains of which less than 10 per cent ^ ‘, 

100 of the distributing transformers are located m manh 
in transformer vaults on the customers premises. 

655 
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transformers are connected between the neutral wire and one 
phase wire, and in the three transformer three-phase installa- 
tions there is no connection to the neutral wire of the circuit. 

There were. 15,605 transformers connected to the line on 
August 1st, 1915, and all of the percentages for that year were 
based on the records of transformers installed as of that date.-^ 
A map of the city showing the distribution of transformers is 
shown in Fig. 2. 




TRiBUTiNG Feeders in Chicago 


Fig. 2—Transformers in Serv¬ 
ice IN 1915. Each Dot Represents 
Ten Transformers 


II—Preliminary Studies 

As the object of the investigation was to improve the service 
a preliminary study was first made of all of the interruptions 
on the distribution system, which were classified according to 
their cause. This showed that transformer troubles were re¬ 
sponsible for more interruptions to service than any other single 
item, and also that a large fraction of all transformer troubles 
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were primarily due to lightning. The need for further investi¬ 
gation of our lightning protection methods was, therefore, very 
apparent. 

Upon requesting the purchasing agent to increase the size 
of the usual order for lightning arresters, he caused some embar¬ 
rassment by inquiring what type of arrester had been shown by 

ft 

our experience to be best suited to our purposes. The only 
answer that could be given to this question was that the arresters 
had been selected in very much the same manner as our articles 
of clothing, that is, according to the type which was in fashion 
at the moment; and further, that the methods of installing the 
arresters had been such that it was quite impossible to tell from 
any operating records which arrester, if any, was the best. It 
was suggested, in the absence of definite information on the 
subject which would warrant a change in practise, that it seemed 
advisable to continue to buy arresters of each of the three types 
that were then in use. As it seemed quite important to deter¬ 
mine, if possible, which was the best arrester, it was decided that 
such changes in the methods of installation should be made as 
would permit the keeping of records that would assist in securing 
the desired information. 

% 

111 —Starting the Investigations 

The first step in the • investigation was to make a careful 
record of all transformer fuses blown by lightning during one 
severe storm. On the following day some of our best troublemen 
and linemen were sent out to examine carefully these transformers 
for signs of arcing which could have caused the blowing of the 
fuse, and in about 80 per cent of the cases the men were success¬ 
ful. Most of the signs indicated arcing on the primary terminal 
board between the terminals, or from the terminals to the cover. 
In a smaller number of instances, the arcing had occurred around 
the primary bushing either inside or outside of the transformers, 
or between the primary lead and the case. Investigating this 
matter further it was found that the repair shop had been 
omitting the terminal boards from all transformers which they 
rewound, or from those which were turned in with damaged 
terminal bosrds. Transformers altered in this manner were 
found to have a very excellent service record, and it therefore 
appeared that the advantages of the practise warranted further 
investigation. For this purpose one circuit was selected in 1911, 
to which were connected about 250 transformers, and all of the 
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smaller transformers were replaced by others which had their 
terminal boards removed. The removal of the terminal boards 
from the larger transformers was accomplished without removing 
them from the line. This work was completed so late in 1911 
that no experience could be obtained during that year from the 
effects of lightning, and the installation remained ‘without much 
change during 1912, except that care was taken to see that all 
additions or alterations to the circuit were made with trans¬ 
formers without terminal boards. No changes in the scheme of 
lightning protection in use previous to that time were made on 
this circuit, so that aside from the removal of terminal boards, 
this circuit was equipped in the same manner as the other circuits, 

IV Segregation of Lightning Arresters by Circuits 

Previous to the time of starting these investigations, different 
types of arresters had been ordered in succeeding years, and the 
additional arresters were installed so as to protect the primary 
mains which had been extended during the previous year. The 
general plan was to locate the arresters so that there would be 
no transformer more than about 1000 ft. (304.8 m.) distant 
from the nearest arrester. Although this scheme of installa¬ 
tion very thoroughly mixed the several types of arresters on the 
circuits, it was still quite possible to keep records of the failures 
of arresters so that it could readily be told which one was the 
greatest hazard to our system; but no information whatever 
could be secured regarding the relative merits of the several 
types of arresters as protective devices. In order to secure this 
information, the plan w^as therefore adopted of installing only 
one type of arrester on any one circuit, and a portion of the arrest¬ 
ers w^ere moved each year until the segregation of arresters by 
circuits was completed. 

V Lightning Arresters on Transformer Poles 
At about the time that these investigations were started, the 
advanced, that lightning arresters to be most eff ective 
should be on the transformer poles. For the purpose of verify¬ 
ing this theory, two circuits were selected early in 1912 on which 
there were about 300 transformers, and on each circuit an arrester 
was installed on the same pole with each transformer. A dif¬ 
ferent type of arrester was used on the two circuits. For brevity 
this plan IS hereafter called “100 per cent protection” and the 
areas are termed 100 per cent areas.” This installation differed 
from our previous practise in that (1) the number of arresters 
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equaled the number of transformers instead of being only a 
small fraction of their number; (2) the arresters were placed on 
the transformer poles instead of on the line poles. 

VI— Analysis of Results Obtained in 1912 and 1913 

^ Late in the year 1912, a study was made of two of the most 
severe lightning storms which had occurred during the season in an 
endeavor to find a fair basis for the comparison of the several 
types of arresters. As the 100 per cent areas showed an almost 
entire absence of lightning trouble in these two storms, it was 
at first thought that the solution of the problem had been 
reached. To check the conclusion, a map of the city was pre¬ 
pared on which the 100 per cent areas were shown by colored 
pasters. Then the areas covered by other circuits on which there 
had been no trouble whatever during the same storms was shown 
by pasters of a different color. Upon completion 'of the map it 
was discovered that there were a number of areas, protected only 
by a few arresters on the line poles, which were entirely free 
from lightning trouble, some of them being located adjacent 
to the 100 per cent areas. 

The records of this year, and the map with the pasters of 
several colors showing the circuits on which there was no trouble, 
indicated very plainly that it was quite impossible to definitely 
determine from the records, or from any subsequent examination 
on the ground, whether the freedom from trouble was due to 
the perfection of the protection or to absence of lightning, and 
no method has yet been discovered for overcoming the difficulty. 
The cause of the difficulty is the fact that, the only means 
available for determining the presence of lightning and its relative 
intensity, is by the phenomena that are to be reduced by means 
of the improved lightning protection; and that having installed 
the lightning arresters and discovered a reduction in the trouble, 
there is no means of telling how much trouble there would have 
been were the lightning arresters absent. For the same reason 
it is impossible to recognize a uniformly distributed lightning 
storm, should it occur, although such a storm would greatly 
simplify these investigations. An endeavor was made to secure 
an independent reference standard by consulting the records of 
the telephone company, but it was found that during the period 
covered by these investigations, they were rapidly replacing 
their overhead open wire construction with aerial cable, and 
that this change greatly reduced the amount of trouble on their 
lines during lightning storms. 
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As a result of the experience in 1912, it was decided that the 
scheme of installing the arresters, on the transformer poles gave 
promise of beneficial results, and that in order to secure more 
reliable information regarding the relative merits of the several 
types of arresters, the 100 per cent areas should be enlarged by 
the addition of several circuits, each having but one type of 
arrester. 

The information obtained from the circuit from which the 
terminal boards had been removed, was indefinite and not at all 
conclusive, due apparently, to the fact that a sufficient number 
of transformers were not included in the experiment. It was, 
therefore, decided to remove the terminal boards from a larger 
number of transformers, so that at the opening of the lightning 
season in 1913, there were a total of about 1600 transformers 
which had been altered in this manner. 

The records obtained during 1913 demonstrated, first, that 
the removal of the terminal boards from transformers would 
eliminate about 60 per cent of the troubles due to lightning, and 
second, that the installation of lightning arresters on the same 
pole with each transformer made a very considerable further 
reduction in the amount of trouble from lightning, as compared 
with our previous practise of installing a few arresters on the 
line poles. (The experiments from which these results were 
obtained were described in further detail in a paper read by 

the author before the Pittsfield meeting of the A. I. E. E May 
1914.) ’ 

As a result of the experiments with the terminal boards, it 
was decided that it was desirable to remove the terminal boards 
from all transformers which were returned to the storeroom for any 
reason, and orders to this effect were issued early in 1914. At 
about the same time it was specified that all new transformers 
should be without terminal boards. During the period that has 
elapsed since these changes in our practise were adopted, the 
number of transformers from which the terminal boards were 
removed has approximately equaled the new transformers 
installed on our lines, each figure being about 10 per cent per 
year. 

VII Ratio between Fuses Blown and Transformers 

Burned Out 

In the investigation of the storms that occurred in 1912, it 
was noted that a fairly constant ratio existed between the number 
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of blown primary fuses and the transformers burned out by 
lightning. As the number of burnouts by lightning per year was 
approximately 125, and as the number of transformers in the 
100 per cent areas was only a small fraction of the total, it was 
thought that more accurate data and a better comparison of 
''the several types of arresters could be secured by using the larger 
number. It was, therefore, arranged to keep careful records 
of all primary fuses blown, as well as of the transformer burnouts. 
These records and the ratio of the two quantities over a 
period of four years is shown in Fig. 3. From this figure it 

is very apparent that, while 
the ratio may perhaps be 
fairly constant during one 
lightning season, it has 
decreased very considerably 
during the four years. It is 
therefore quite impossible to 
use the record of blown pri¬ 
mary fuses instead of the record 
of burned out transformers, 
in the manner described, for 
the purpose of comparing one 
year’s records with another. 
The meaning of the reduc¬ 
tion in the ratio will be dis¬ 
cussed in connection with 
the results obtained during 
1915. 

Yill —Grounding of Transformer Cases 
The theory was also advanced that the grounding of the trans¬ 
former cases would improve the lightning protection. In order 
to test this theory, three circuits, on which there were about 
600 transformers were selected, and each of the transformer 
cases was connected to the lightning arrester ground wire through 
a primary cut-out. This cut-out, with a piece of copper wire in 
olace of the fuse, was located so that a lineman climbing the 
pole could readily remove the plug from the cut-out, and in 
this manner remove any hazard which might exist due to the 
grounded transformer case. Careful records were kept of this 
installation for a number of years. While it is entirely possible 
that the number of transformers included in the experiment 
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was inadequate for the purpose, and the records misleading due 
to the variableness of lightning storms, the results for three 
years appear to indicate that the grounding of the transformer 
cases has but little effect upon the efficiency of the lightning 
protection. As a matter of fact, there was slightly more trouble 
on these particular circuits than the average for other circuits,^ 
this trouble taking the nature of the burning off of the primary 
leads at or near the primary bushings. The area which was 
selected for this trial happened to be one of the older districts 
containing transformers which were considerably above the 
average age of all on the system. It is possible that the results 
would have been different with a modern type of transformer 
supplied with a larger primary bushing. 

For the reasons above given, the scheme of grounding the 
transformer cases has been abandoned, and the ground connec¬ 
tions installed for this purpose have been removed. 

IX Increasing the Size of Transformer Primary Fuses 

Previous to the time of starting these experiments, it had 
been assumed that one of the principal objects of the primary 
fuse was to protect the transformers from overload, and the 
sizes of the fuses were proportioned to the capacity of the trans¬ 
former. It was noted, however, that many fuses blew for which 
no cause could be found, and it was apparent that many fuses 
were blowing unnecessarily. After some discussion the old 
theory was abandoned, and instead a new theory was adopted, 
that the object of the primary fuse was to protect the service 
by disconnecting a defective transformer. As there were only 
two types of cut-outs in use, 25-ampere fuses were determined 
upon for use in the smaller cut-out for all transformers up to 
and including 10 kw., and 40-ampere fuses in the larger cut-out 
for transformers from 15 to 40-kw. capacity. Larger transformers 
are generally connected to the line without cut-outs. This 
rule, adopted in March 1914, was made to apply to all trans¬ 
formers installed, or to any fuses replaced for any reason after 
that date. This change in practise has resulted in a large reduc¬ 
tion in the number of transformer fuses blown by other causes 
than lightning, but it is not clear that this change would have 
any serious effect on the blowing of fuses due to lightning, as 
this would mean that an arc started by the lightning would blow 
a five ampere fuse, for example, but that the arc might go out 
automatically without blowing a 25-ampere fuse. The facts 



1916] 


ROPER: LIGHTNING PROTECTION 


663 


in the case are set forth, however, as it is possible that other en¬ 
gineers will not be entirely in accord with the author on this 
point. 

X— Changes Made in 1914 

As a result of the experiments with arresters on transformer 
poles, plans were adopted early in 1914, calling for some con¬ 
siderable additions to the 100 per cent areas for each of the sev¬ 
eral types of arresters. On account of the conditions existing 
at that time and the pressure of new construction work, the 
lightning arrester changes and additional installations were only 
partially completed before the opening of the lightning season. 
As further disturbances occurred during the middle of the summer 
the plans as adopted were not completely carried out until 
after the end of the year. 

XI— Conclusions from the Records Obtained in 1914 

As the changes planned for the year were only partially com¬ 
pleted ac the opening of the lightning season, and were not 
entirely completed until after the end of the year, the conditions 
were quite unfavorable for the securing of any accurate records. 
Although the results obtained during this year added very 
little to our knowledge regarding the best type of arresters, the 
records continued to indicate a very decided advantage for the 
scheme which is termed 100 per cent protection; and it further 
appeared that comparatively little benefit was being received 
from the lightning arresters installed on the line poles. As a 
result of this information,, it was decided early in 1915 to increase 
the 100 per cent protection areas, (1) by moving all arresters 
on line poles, about 1000 in number, to the transformer poles, 
and (2) by installing about 3000 additional arresters. The 100 
per cent areas completed previous to this time formed a broad 
ban across the city on the south side, in addition to a few small 
isolated areas on the north side. In planning the work for 
1915, it was, therefore, arranged to extend the 100 per cent 
areas on the north side in such a manner that they would form 
a second band across this side of the city, and located ^so that 
it would include the most important customers. The increase 
year by year in the 100 per cent areas is shown in Fig. 4. 

XII— Segregation of Lightning Arresters by Definite 

Boundaries 

During the several years in w^hich the scheme of segregating 
arresters by circuits had been followed, the number of primary 
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circuits had been increasing about 25 per cent per year. As 
anew circuits were installed to handle the increase in load, it 
Was necessary to move a considerable number of arresters each 
year in order to have only one type of arrester on each circuit. 
The plan was, therefore, changed so as to use streets, generally 
Section lines, for the boundaries of the various lightning arrester' 
districts. This change not only eliminated the annual expense 
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tection During 1915 


of moving arresters, which was continually increasing, but it 

also greatly simplified the keeping of the records and their sub¬ 
sequent analysis. 


HI Installation of Arresters on Transformer Poles 

Outside the 100 per cent Areas 

As the results of the experience obtained in 1912 indicated that 
a considerable improvement in the service could be secured by 
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the installation of arresters on the transformer poles, it was 
decided that the extra expense of such installations was warrante 
in the case of important customers. Beginning in Febmary, 
1913, the plan was therefore adopted, of installing a lightning 
arrester on the same pole with each transformer of 15-kw. capac¬ 
ity or larger. In March, 1914, this rule was altered so as o 
'include all transformers of 7.5 kw. and larger, which were 
thereafter installed, changed or moved. A few weeks later t e 
rule was extended so as to include all transformers for supp ying 
power customeis, regardless of their size. In April, , e 
rule was again altered so as to include all transformers above 

3-kw. capacity. 

XIV— Conditions at the Beginning of 1915 

At the opening of the lightning season in 1915 there 
service three classes of protection, designated hereinafter as 

classes A, B and C and described as follows. 

Class A. This includes the transformers which have an arrester 
on the same pole, and which are located in the so-called 100 
per cent areas, that is, in areas in which each transformer is 

simiiiarly protected. r inn 

Class B. This includes the transformers outside of the 

per cent areas, which are protected by arresters on the same pole 

as the result of the rules adopted from time to time and set fort 

under heading XIII. 

Class C. This includes all transformers that are nob P ' 
tected by arresters on the same pole, and toget er wi 
class B includes all transformers outside the 100 per cent areas 
All transformers included in this investigation coine un^ 
one of the three above described classes. There are no 

arresters installed on line poles for the protection of transform , 

except in a very few isolated cases where the equipment of o . 
companies on jointly owned transformer poles interfered wi 

the installation of the arrester on such po es. 

The manner in which the several types of arresters were dj- 

tributed throughout the city is shown in Fig. 5 The leff 
Y and Z used on this map serve to designate the seve yp 
of arresters, and these letters are used throughout the van 
tables and discussions. The heavy shading on this 
the 100 per cent protection areas, and for 

comnarisons the boundaries of these areas have been shown 
rhea“es on other similar maps. Each of the several areas 
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was given a number and these numbers are used consistently 
throughout the records, but in order to avoid confusion, have 
been omitted from the map. 

In order to assist in analyzing the results, the transformers 
were divided into three classes according to their size, and the 
^number of each of the three classes in each of the areas is given in 
Table I. For the simplification of the calculations, the number 
of transformers in service on August 1st, 1915, which was approx- 


TABLE II. 

SUMMARY OP LIGHTNING ARRESTER DISTRICTS, 

SHOWING THE PERCENTAGE DISTRIBUTION OF THE TRANSFORMERS 
AMONG THE DISTRICTS BY GROUPS OP SIZES. 


Class of 
protection 


Type of 
arrester 


B 


C 


ABC 


X 

Y 
Z 

All 

X 

Y 
Z 

All 

X 

Y 
Z 

All 

X 

Y 
Z 

All 


Distribution per cent. 

Below 

5 to 15 

Above 


5 kv-a. 

kv-a. 

15 kv-a. 

Total 

30 

15 

55 

100 

31 

55 

14 

100 

43 

45 

12 

100 

35 

51 

14 

100 

10 

49 

41 

100 

21 

49 

30 

100 

24 

49 

27 

100 

21 

49 

30 

100 

49 

43 

S 

100 

60 

37 

3 

100 

51 

44 

5 

100 

55 

40 

5 

100 

35 

50 

15 

100 

43 

46 

11 

100 

43 

45 

12 

100 

41 

47 

12 

100 


imately the middle of the lightaing season was taken as the 
basis of this table. From this information the percentage dis 
bSon of the transformers in the territories 
each type of arrester and class of protection is shown in Table II. 

—Records Obtained in 1915 

A list of all the transformers 
the year with the size, area num er, ype 
of protection for each transformer is given in Table Hi. 
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TABLE III. 

CLASSIFIED LIST OP TRANSFORMERS BURNED OUT 


Type of arrester 

Class of 



protection 





Siae of 


No. 0 

f 

trans- 

Area 

storm 

Date ' 

former 

No. 



kw. 


1 

May 3 

10 

9 

2 

15 

7K 

2 


- 

IK 

2 



7K 

4 



IK 

4 



1 

6 



3 

6 



7K 

9 



2 

9 



4 

10 



3 

10 



2 

10 



10 

11 



IK 

12 



3 

14 



3 

14 



5 

14 



15 

15 



3 

17 



5 

17 



5 

17 



4 

19 



5 

20 



10 

20 



IK 

20 

3 

June 7 

10 

9 



7K 

6 

4 

11 

5 

11 



5 

9 

5 

12 

4 

4 



IK 

4 



IK 

4 



IK 

4 



4 

4 



3 

4 



IK 

4 



7K 

4 



50 

11 



2 

11 



3 

18 



2 

19 



IK 

19 



5 

20 

e j 

!uly 10 

IK 

19 



5 

19 

Carried Forward n 


X 


B 


B 


Nature of 
burnout 


B 


X 


X 

X 

X 


X 

X 

X 


X 

X 


X 


X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 


X 


X 


X 


X 


X I 

Coils 

Damaged 
Coils 

ii 


Damaged 

Coils 

A 

Damaged 

A 


X 


X Damaged 
Coils 

<4 

A 

Damaged 

A 
A 
A 

Coils 

ii 

Damaged 

A 


X 

X 


X 


X 

X 


0 0 


Coils 

A 

Damaged 

A 

Coils 

Damaged 


A 

Coils 

A 

Damaged 


Coils 

A 


Damaged 

A ' 

45 
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TABLE III. {Continued) 

CLASSIFIED LIST OF TRANSFORMERS BURNED OUT 

BY LIGHTNING IN 1915. 


Type of arrester 


Class of 
protection 



, X 

Y 

Z 

Nature of 
burnout 

ABC 

ABC 

j 

ABC 


No. of 
storm 


Date 


Size of 
trans¬ 
former 
kw. 
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TABLE III. {Continued) 

CLASSIFIED LIST OF TRANSFORMERS BURNED OUT 

BY LIGHTNING IN 1915. 


X 

Y 

z 


ABC 

ABC 

ABC 

- Nature of 
burnout 





2 17 

2 0 38 

13 3 24 

90 

• • • • • « 

.. .. X 

* * ■ • • • 

Coils 

• • • • • • 

.. X 

• • ■ • • a 

a 

* * • * • « 

X 

* * • • • • 

Damaged 

• • • • • • 

.. .. X 

* • • • • • 

a 

• • • • • • 

.. .. X 

• * • • • • 

Coils 

* • * • • • 

.. .. X 

* * * * f • 

a 

* * * • • • 

• • .. X 

• • • ♦ • • 

a 

• • • • • * 

.. .. X 

• • • • • • 

u 


.. .. X 

• • a » • a 

(t 

• ♦ • • * • 

.. .. X 

* * • • » • 

a 

« • • • • • 

.. .. X 

• • t • . • 

Damaged 

• • • * * • 

.... X 

• • • • • » 

Coils 

• • • • » • 

.. .. X 

• * • • a « 

li 

« * • • • • 

.. .. X 


a 

* * • • • • 

.... X 

• • » • • • 

u 

• ♦ • • • • 

.. .. X 

• • a a • • 

Damaged 


.. .. X 

• • * • • ■ 

Coils 


.... X 

a a a a • • 


* * • • # • 

.. .. X 

* • • a , , 

Damaged 

• • • ♦ • • 

.... X 

* * at a • 

Coils 


.. .. X 

• • • a • » 

a 


X .. .. 

a • a a • a 

A 

• • • • • ♦ 

• • • * . • 

. • .. X 

U 

.• .. X 


• • at a a 

u 

• * • • • • 

. 

.. .. X 

Damaged 

* * * • • • 

* * • * • * 

.. X .. 

Coils 

• • « * • • 

•. 

.. .. X 

A 

• • * • • • 

• • * * • • 

at a a X 

a 

• • • • • • 

. 

.. .. X 


♦ • • • • 

.. .. X 

• a at a a 

Damaged 

• • • • V • 

• • • • a « 

X .. .. 

Coils 

* • • • « • 

• • • * * • 

X .. .. 

u 

• • * • ■ • 
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K 

rz Coils 
iODamage 


Type of arrester 


Class of 
protection 


No. of 
storm 


Date 


Size of 
trans¬ 
former 
kw. 


Brought Forward 
13 1 Aug. 16 


14 


15 


Aug, 23 
Sep. 8 


16 


Sep. 10 


Grand Total 


1 

3 

7K 

IK 

3 

2 

IK 

3 

3 

3 

4 

7K 

2 

3 

7K 

IK 

3 

2 

3 

3 

IK 

7K 

2 

IK 

5. 

3 

2 

3 

2 


20 

3 

5 

1 


Area 

No. 


20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

21 

21 

13 
11 

4 

4 

4 

4 

4 

4 

5 
9 

10 

14 
19 

15 
19 
19 

7 

18 

18 

19 


juring coils. 
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The location of all the transformers burned out by lightning 
in 1915 is shown in Fig. 6, and the fuses blown by lightning 
are shown in a similar way in Fig. 7. By comparing these maps 
with Fig. 2 it will be noted that in the 100 per cent areas where 
the transformers are most numerous, the burnouts and fuses 
blown were quite scattering, while outside of the 100 per cent 
* areas, in which regions the transformers are not so numerous 



Outs Due to Lightning 1915. 
Each Dot Represents One 
Burn-Out 



Fig. 7—Fuses Blown by 
Lightning 1915. Each Dot 
Represents One Blown Pri¬ 
mary Fuse 


that the burn-outs and fuses blown are more numerous, thus 
indicating a distinct reduction in the percentage of burn-outs 
and fuses blown within the 100 per cent areas. 

Fig. 8 is a diagram showing the number of fuses blown and 
transformers burned out by lightning during the year, the 
arrangement being by districts. The boundaries of the districts 
are North Avenue and 39th Street, extending across the city 
from east to west. The districts are numbered in order. District 
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No. 1 being at the north and No. 3 at the south end of the city. 
This diagram shows how the various lightning storms were dis¬ 
tributed throughout the season and among the various sections 
of the city. From this diagram the impression is obtained that 




the storms of May 15th and August 16th were somewhat more 
ematic than the other storms and for the purpose of elucidating 

• of these two storms are shown graphically 

m Figs. 9 and 10. b t- y 





1916] 


ROPER: LIGHTNING PROTECTION 


673 



Fig. 9—Transformer Burn-Outs and Fuses Blown by Lightning 

Storm May 15, 1915 



Fig. 10—Lightning Storm of Aug. 16, 1915 
















TABLE IV 

RECORD OP TROUBLES DUE TO LIGHTNING STORMS DURING 1915. 

ARRANGED BY AREAvS. 





I Total | All 

Gi<AND Totals 


6298 

15,605 


1.56 

.79 


4.30 

2.44 
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Table IV gives a record, by areas, of the transformer trouble 
due to lightning, segregated by the type of arrester and class 
of protection. For the purpose of a better comparison the 
percentage figure of transformer troubles for the various classes 
of protection and types of arresters have been collected in Table 
. V. Table Va shows the nature of damage to the transformers 
for each type of arrester and class of protection. 

Tables VI and VII give a classified record, arranged by storms, 
of transformers burned out and primary fuses blown respec¬ 
tively during the year. From these tables, Figs. 11 and 12 have 

TABLE V. 

SUMMARY OF LIGHTNING TROUBLES DURING 1915, 

SHOWING THE RESULTS FOR EACH TYPE OF 
ARRESTER AND CLASS OF PROTECTION. 


Class of 
pj otection 

Type of 
arrester 

Burn-outs 
per cent 

Fuses 

blown per cent 

A 

X 

0.087 

1.13 

. • 

Y 

0.108 

1.26 


Z 

0.59 

1.42 


All 

0.26 

1.27 

B 

X 

0.39 

0.77 

• • 

Y 

0 

0.48 

* « 

Z 

0.49 

1.09 

m • 

All 

0.29 

0.82 

c 

■» 

X 

0.49 

2.88 

m * 

Y 

2.14 

6.10 

• 

Z 

1.36 

2.73 


All 

1.56 

4 30 


been prepared, showing graphically the variations during the 
season of the percentage of transformers burned out and fuses 
blown. These tables and the figures also show plainly the erratic 
nature of the storms of May 15th and August 16th. It will be 
noted, for example, that 60 per cent of the total number of 
burn-outs for type Z arrester and class A protection occurred on 
May 15th, although the total number of transformers burned 
out on this day was only 20 per cent of the total occurring dur- 
the season. 

Table VIII gives data regarding the transformer troubles for 
each size of transformer. These troubles have been further 
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TABLE NO. 5-A 

TRANSFORMERS BURNED OUT BY LIGHTNING DURING 1915 
CLASSIFIED BY TYPE OP PROTECTION AND 
EXTENT OF DAMAGE. 



No. of burn-outs 

Class of protection 

A and B 


c 


All 

Type of arrester 

X 

Y 

Z 

Total 

X 

Y 

Z 

Total 

Coils burned out.... 

1 

3 

16 

20 


40 

20 

65 

Transformers put out of 



O 

commission, but coils O.K. 

2 

0 

3 

5 

1 

22 

10 

33 

Totals.... 

3 

3 

19 

25 


62 

30 

98 




u 


TABLE VI. 

RECORD OP TRANSFORMERS BURNED OUT BY LIGHTNING IN 1915, 

ARRANGED BY STORMS. 


Type of arrester 

X 

Y 

Z 

Totals 

Grand 

Total 

Class of protection 

A 

B 

c 

A 

B 

c 

A 

B 

C 

A 

B 

C 

No. of 















storm 

Date 














1 

May 3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

2 

15* 

0 

1 

6 

0 

0 

4 

9 

1 

3 

9 

2 

13 

24 

3 

June 7 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

1 

2 

4 

11 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

2 

5 

12 

0 

0 

0 

0 

0 

11 

1 

0 

2 

1 

0 

13 

14 

6 

July 10 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

2 

2 

7 

11 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

2 

2 

8 

12 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

9 

14 

1 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

1 

3 

10 

15 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

11 

18 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

1 

2 

3 

12 

Aug. 14 

1 

0 

0 

1 

0 

7 

0 

0 

0 

2 

0 

7 

9 

13 

16 

0 

0 

0 

0 

0 

27 

1 

0 

11 

1 

0 

38 

39 

14 

23 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

2 

2 

15 

Sep. 8 

0 

0 

1 

1 

0 

6 

0 

1 

5 

1 

1 

12 

14 

16 

10 

0 

0 

0 

0 

0 

1 

2 

0 

1 

2 

0 

2 

4 


Totals 

2 

1 

8 

3 

0 

60 

15 

4 

30 

20 

5 

98 

123 


*The two storms occurring on May 15th, one in the early morning and one in the late 
afternoon, have been classed as one storm, on account of the impossibility of making an 
accurate separation. 
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segregated in Tables IX and X so as to show the variation in the 
percentage of trouble in the transformers supplied by various 
manufacturers. The percentage figures from Table VIII have 
been plotted in Fig. 13, and there has been added, for the purpose 
of comparison, the corresponding information from the records 
.of 1913. 


TABLE VII. 

RECORD OP TRANSFORMER PRIMARY FUSES BLOWN BY LIGHTNING 

IN 1915, ARRANGED BY STORMS. 


Type of arrester 


X 



Y 



Z 


Totals 

. i 

Class of protection 

A 

B 

c 

A 

B 

C 

A 

B 

C 

A 

B 

C 

Crrand 

Total 

No. of 
storm 

1 

Date 

May 3 

2 

0 

1 

3 

0 

4 

1 

0 

7 

6 

0 

12 

18 

2 

15* 

11 

0 

14 

5 

0 

30 

8 

1 

8 

24 

1 

52 

77 

3 

June 7 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

0 

2 

4 

11 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

5 

12 

3 

0 

9 

8 

1 

26 

10 

0 

3 

21 

1 

38 

60 

6 

July 10 

3 

0 

0 

0 

0 

16 

0 

0 

1 

3 

0 

17 

20 

7 

11 

0 

0 

1 

1 

0 

3 

0 

0 

2 

1 

0 

6 

7 

8 

12 

0 

0 

0 

0 

0 

7 

0 

0 

1 

0 

0 

8 

8 

9 

14 

0 

0 

1 

3 

0 

0 

0 

0 

0 

3 

0 

1 

4 

10 

15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 

18 

0 

0 

1 

2 

0 

0 

0 

0 

3 

2 

0 

4 

6 

12 

Aug. 14 

4 

0 

3 

4 

1 

26 

1 

0 

0 

9 

1 

29 

39 

13 

16 

0 

0 

0 

1 

0 

42 

4 

2 

26 

5 

2 

68 

75 

14 

23 

0 

1 

2 

0 

0 

4 

1 

0 

2 

1 

1 

8 

10 

15 

Sep. 8 

2 

0 

2 

3 

0 

14 

3 

3 

4 

8 

3 

20 

31 

16 

10 

0 

1 

1 

5 

1 

4 

7 

2 

3 

12 

4 

8 

24 


Totals 

26 

2 

35 

35 

3 

176 

27 

9 

60 

97 

14 

271 

382 


*The two storms occurring on May 15th, one in the early morning and one in the late 
afternoon, have been classed as one storm, on account of the impossibility of making an 
accurate separation. 


Fig. 14 shows the ratio of primary fuses blown to transformer 
burn-outs during the year for each class of protection. The varia¬ 
tions in the ratio for all classes of protection are shown in Fig. 
15 to which has also been added, for comparison, similar informa¬ 
tion for 1913. 

XVI— Comments on the Analysis of the Records 

In attempting to analyze the records and to discover the f unda 
mental principles of lightning protection, not only is one con- 
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fronted by records which are incomplete and inaccurate due 
to the errors which naturally creep into any records that are 
collected from so many sources, and through so many individuals 
but there are a large number of variables affecting the amount 

of trouble due to lightning, which might be roughly outlined as 
follows: 

_ T' 

1. The percentage of terminal boards removed. 

2. The ratio of lightning arresters to transformers. 



1.6 

1.4 


L2 



0 4 8 12 16 

NUMBER OF STORM 


Fig. 11—Graphic Log of 
Transformers Burned Out by 
Lightning in 1915, Subdivided 
BY Classes of Protection 
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Fig. 12—Graphic Log of Fuses 
Blown by Lightning in 1915, 
Subdivided by Classes of Pro¬ 
tection 


3. Location of the lightning arresters, i.e., whether on the 
line poles or transformer poles. 

4. Density of the arresters, the number per square mile 
or per mile of line. 

5. The maker of the transformer. 

6. The variations in the distribution and intensity of the 
lightning. 

In general the variations of the lightning itself overshadow the 
rest of the variables so that the latter are sometimes quite insigni- 
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ficant in comparison. In other cases the variations in the varia¬ 
bles apparently oppose each othex", or perhaps act together in 
such a way that their effect becomes very obscure. 

The large variations due to the lightning itself, may be noted 
in any of the records which give percentage figures for the various 
•numbered areas, and from these records we gather that it is 
quite unsafe to assume that the record for any particular area 
correctly represents the average conditions throughout the city. 
The most representative figures are those which are obtained 


TABLE VIII. 

RECORD OF TRANSFORMER TROUBLES CAUSED BY LIGHTNING IN 1915, 

FOR EACH SIZE OF TRANSFORMER 



Transformers in 

Burned out 

Puses blown 

Size kw. 

service Augu.st 
1st, 1915. 





No. 

Per cent 

No. 

Per cent 

1 

407 

7 

1.72 

22 

5.41 

1.5 

1,090 

23 

2.11 

61 

5.59 

2 

1,103 

21 

1.90 

51 

4.61 

3 

2,381 

25 

1.05 

51 

2.14 

4 

1,149 

8 

0.70 

. 20 

1.74 

5 

2,075 

14 

0.67 

54 

2.60 

7.5 

2,304 

14 

0.61 

61 

2.64 

10 

1,852 

6 

0.32 

35 

1.89 

15 

1,320 

2 

0.15 

16 

1.21 

20 

648 

2 

0.31 

2 

0.31 

25 

451 

0 

0 

3 

0.67 

30 

186 

0 

0 

1 

0.54 

40 

152 

0 

0 

1 

0.66 

50 

243 

1 

0.41 

4 

1.65 

75 

114 

0 

0 

0 

0 

100 

117 

0 

0 

0 

0 

150 

12 

0 

0 

0 

0 

250 

1 

0 

0 

0 

0 

Totals 

15,605 

23 

0.78 

382 

2.44 


from the combined experience in a number of areas. In some 
cases this is not possible, and in those particular cases the attempt 
to plot the relation between any quantity and the effects of the 
lightning are quite dissappointlng. 

It is also to be noted that in attempting to find the relation 
between any one variable and the lightning effects, the other 
variables must for the moment be assumed as constant. The 
records show that this last assumption is always in error to a 
greater or less extent. Sometimes the variations from the assump¬ 
tion is not sufficient to seriously affect the records, but in other 
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TABLE IX. 

TRANSFORMER BURNOUTS DUE TO LIGHTNING DURING 1915. 
FOR EACH SIZE AND MAKE OF TRANSFORMER PER CENT 


Maker 

A 

B 

C 

D 

E 

Total 

Size kw. 







1 

0 

1.55 

• • * • 


16.65 

1.72 

1.5 

1.43 

1.17 

1.40 

0 

10.48 

2.11 

2 

1.11 

1.73 

2.61 

0 

7.41 

1.90 

3 

0.29 

0.96 

0.97 

0 

6.06 

1.05 

4 

0 

0.65 

1.00 

6.67 


0.70 

5 

0 

0.83 

0.46 

0 

0 

0.67 

7.5 

1.04 

0.39 

0 

0 

2.20 

0.61 

10 

0.45 

0 

1.74 

0 

0.84 

0.32 

15 

0 

0.13 

0.72 

0 

0 

0.15 

20 

1.89 

0 

0 

16.65 

0 

0.31 

25 

0 

0 

0 

• 

0 

- 0 

30 

0 

0 

0 

0 

0 

0 

40 

0 

0 

0 

0 

0 

0 

50 

0 

0 

0 

9.09 

0 

0 

TOT.A.LS 

0.51 

0.66 

0.81 

1.47 

1.69 

0.78 


TABLE X. 

TRANSFORMER FUSES BLOWN BY LIGHTNING FOR EACH SIZE AND 

MAKE OF TRANSFORMER DURING 1915 


Maker 


Size kw. 


1 

1.5 

2 

3 

4 

5 

7.5 
10 
15 
20 
25 
30 
40 
50 

Totals 


A 

B 

C 

D 

E 

Total 

12.5 " 

5.5 

• > « * 

0 

0 

5.41 

5.7 

5.8 

4,9 

• « • • 

4.8 

5.59 

4.5 

4.4 

7.8 

0 

0 

4.61 

1.4 

2.2 

3.5 

0 

1.0 

2.14 

1.8 

1.7 

2.0 

0 

.... 

1.74 

3.3 

2.3 

3.2 

0 

7.5 

2.60 

2.1 

2.3 

5.6 

4.0 

2.6 

2. 64 

2.3 

1.5 

4.4 

5.0 

1.7 

1.89 

1.6 

1.3 

2.9 

0 

0 

1.21 

1.9 

0.3 

0 

0 

0 

0.31 

0 

0.8 

0 

• • • ■ 

0 

0.67 

0 

1.2 

0 

0 

0 

0.54 

0 

1.1 

0 

0 

0 

0.66 

0 

2.5 

0 

0 

0 

1.65 

2.34 

1.33 

3.55 

1.47 

1.33 

2.44 


Note: The letters usea to represent the maker, correspond with those used in Table I 
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cases the variations are apparently so great that it is quite 
impossible to draw any conclusions from the results obtained, 
except in a very general way. 

XVII— Reduction in THE Ratio of Primary Fuses Blown 

TO Transformers Burned Out 

While the number of primary fuses blown and the burnouts 
due to lightning during the past four years have varied over 


Fig. 13 



-Comparative Records of Primary Fuses Blown and Trans¬ 
formers Burned Out by Lightning in 1913 and 1915 


rather wide limits from year to year as shown in Fig. 3, the 
ratio between these two quantities during the same period has 
been decreasing along a very regular curve, indicating the exist¬ 
ence of some law or progressive change connecting these two 
quantities. For the purpose of securing information on this 
point, Table XI has been prepared showing the ratio in question 
for the several classes of protection during 1915. This table 
shows that the ratio is smaller for the class B and C protection 
than for class A. This ratio, being the larger for the best class 
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of protection, indicates that the other variables have a s^reater 
effect on this ratio than the lightning arresters. 

Fig. 16, showing the reduction in the percentage of terminal 
boards and in the percentage of fuses blown by lightning, indi¬ 
cates that there must be some close relation between these two 
quantities as indicated by the fact that the curves are, in generah 
parallel. (In this figure the values for transformers above 15- 
kw. capacity have been omitted, as not more than four fuses of 



any of ^ these sizes were blown during the year.) In order to 
determine the relation between the removal of the terminal 
boards and the reduction in the fuses blown, these two quantities 
have been plotted directly in Fig. 17. After making due allow¬ 
ance for the various inaccuracies in the assumptions and condi- 
tions the points from Fig. 16 when plotted in this manner show 
that the relation between the two quantities is a function repre¬ 
sented by a straight line passing through the origin, or in other 
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words, that the percentage reduction in fuses blown is directly 
proportional to the percentage of terminal boards removed. 
Upon examining this line more carefully, an apparent incon- 

TABLE XI. 

EFFECT OF CLASS OF PROTECTION ON RATIO OF FUSES BLOWN TO ■ 

TRANSFORMERS BURNED OUT IN 1&15. 


Class 

of 

protection 

A 

B 

A 

Ratio - 

B 

Primary 

fuses 

blown 

Transformers 

burned 

out 

A 

97 

20 

4.85 

B 

14 

5 

2.80 

C 

271 

98 

2.75 


sistency is noted in that the removal of 30 per cent of the ter¬ 
minal boards caused a reduction of 59 per cent in the fuses 
blown by lightning. Such a result could occur only if some 



1 1.5 2 3 4 5 7.5 10 15 

SIZES OF TRANSFORMERS K.W. 



TERMINAL BLOCKS REMOVED PER CENT 


Fig. 16 —Diagram Showing 
Effect of Removal of Terminal 
Boards for Two Years on Per¬ 
centage OF Fuses Blown by 
Lightning 


Fig. 17—Diagram Showing Re¬ 
lation Between Removal of 
Terminal Boards and Reduction 
in Blowing of Primary Fuses 


scheme of selection were practised in the removal of the primary 
terminal boards, so that the ones most likely to cause trouble 
were the ones to be removed; but no such scheme of selection 
has been in use, and instead, all of the transformers passing 
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through the storeroom have had their terminal boards removed 
before again being sent out on the line. 

In the paper by the author read at Pittsfield in 1914 and 
previously referred to, it was stated that the removal of all of 
the terminal boards from the transformers in a given area elim- 
.nated about 60 pet cent of the tansfomtet troublee caueedTv ■ 
ightmng. Assuming for the moment that this figure is correct 
then we might reasonably conclude that the removal of 30 per 
cent of the terminal boards should reduce the troubles by 30 
per cent of 60 per cent, or 18 per cent. The dash line in Fig 17 
shows this value. If we assume that this line is correctly drawn 
then the percentage reduction in fuses blown between the dash 
line and the full line must be due to other causes. 

During the same period, that is, between 1913 and 1915 
the lightning protection of the system has been improved, (1) 
by increasing the number of arresters on the line, and (2) by 
moving the arresters from the line poles to the transformer 
poles. It IS not thought that any of the other changes made 
period could have seriously affected the ratio. The 
difference between the dash line and the full line on Fig. 17 
appaiently, must be ascribed to the improvement in the light- 
ning protection secured by the lightning arresters. The records 
available do not permit of an exact determination of the benefits 
derived from increasing the number of arresters as distinguished 
rom the benefits obtained by moving the arresters from the 
me poles to the transforrner poles, but from all of the information 
obtainable, some of which is set forth under a later heading 
m this paper, it is estimated that the reduction of 59 per cent 
in fuses blown corresponding to the removal of 30 per cent of 

the terminal boards can be allotted to the several contributing 
causes about as follows: 


Removal of terminal boards. 

Increasing the ratio of arresters to 
Moving arresters from line poles to 



Per 

Per cent 


cent 

of total 


18 

30 

transformers. . . . 

10 

20 

transformer poles 

31 

50 


59 

100 


If this estimate is approximately correct, it means that the 
amount of trouble from Hghtning, on a system with all the 
terminal boards removed and with lightning arresters equal in 
number to the transformers and installed on the line poles, 
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would be reduced about one-half by moving the lightning arrest¬ 
ers from the line poles to the transformer poles. 

A careful investigation was made of transformer fuses blown 
in 1915, in order to determine how much improvement was due 
to the removal of the terminal boards only and to the installation 
of the arresters independent of the removal of terminal boards. 
If we start with transformers having terminal boards above oil 
and without lightning arresters on the same pole, then the 
improvement obtained by each of the several steps, as indicated 
by our experience in 1915, is as follows: 

Improvement 


1. Removal of terminal boards only.. 50% 

2. Installation of lightning arresters on the trans¬ 

former poles only. 85% 

3. Removing terminal boards from transformers 

already protected by an arrester on the 

same pole. 30% 

4. Removing terminal boards and installing 

arresters on the same pole. 90% 


XVIII— Comparison of Several Classes op Protection 

Class A and B protection both include transformers having 
lightning arresters on the same pole. They differ, however, 
in that class A transformers are all in a segregated area in which 
each transformer is similarly protected, while the transformers of 
the class B protection may be surrounded by other transformers 
of class C protection, that is, without arresters on the same poles. 
Fig. 11 indicates that according to the record of burn-outs, 
class A is appreciably better than class B. Fig. 12, showing the 
record of fuses blown, indicates that class B is considerably 
better than class A. This latter difference is probably accounted 
for largely by the rule above mentioned, according to which 
transformers above 3-kw. capacity were protected by an arrester 
on the same pole, while the smaller transformers were not so 
protected. Class B protection, therefore, consists of a selected 
lot of transformers from which the smaller, or more vulnerable 
sizes are largely excluded. This is shown by Table II, which 
indicates that 21 per cent of the transformers in class B pro¬ 
tection were below five kw., while for class A protection this 
figure was 35 per cent. 

If the improvement of class A protection over class B, as 
indicated in Fig. 11, correctly represents their relative merits, 
then these conditionsjmust be due to the larger number of arresters 
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per square mile, or per mile of line, for class A protection as 
compared, with class B. A reference to Table I shows that hliere 
are about ten times as many transformers per square mile for 
class A protection as for class ■ B. These figures indicate that 
the installation of an arrester on a transformer pole does not 
give perfect or complete protection, but that the protection is 
considerably improved by other arresters on neighboring poles. 
This means that widely separated transformers along a long 
line, or isolated at the end of a line, if supplying important service 
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Fig. 18-Map Showing Sections (Square Miles) which Were 
Entirely Free from Lightning Troubles During 1915 

other arresters in the vicinity 
in addition to those on the transformer pole. 

shJwbvS “ for transformers above 15 kw. also 

eraWv h5 ! ® Protection are both consid¬ 

erably better than class C. Table VIII indicates that the per- 
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centage of fuses blown for class A is less than one-third of that 
of class C, while for the transformer burn-outs the ratio is 
about one to six. 

XIX— Analysis of Class C Protection 

, As stated earlier in the paper, classes B and C protection 
cover all of the transformers outside of the 100 per cent areas 
or class A protection. If the transformers included in class B 



Fig. 19—Map Showing Sections (Square Miles) in which the 

Troubles from Lightning Were Several Times the Average 

protection are for the moment ignored then the arresters installed 
for class B protection can be considered, relative to the class C 
transformers, as being installed on the line poles. 

For the purpose of getting a general view of class G protection, 
Figs. 18 and 19 have been prepared. The former shows by the 
shading, with the section (i.e. square mile) as a unit, the areas 
in which there was no transformer trouble caused by lightning 
during the year 1915. Excluding the sections in which there are 
no transformers, it is found that within the 100 per cent areas 
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23 per cent of the total was entirely without trouble, while 
outside of the 100 per cent areas the corresponding figure was 
26 per cent. These figures are so close that one can reasonably 
conclude that the entire absence of lightning trouble from ex¬ 
tended contiguous areas indicates absence of lightning disturb¬ 
ances rather than perfection of the protection. This also means 
that the fact, that a comparatively few lightning arresters of 
any particular type have passed through an entire season with¬ 
out any trouble on the line or apparatus which they protected, is 
not to be considered as proof that the arresters are of value. It 
is probable that the absence of trouble may have been due to 
the absence of lightning disturbances at these particular locations. 

Fig. 19 shows, by the shading, the areas in which transformer 
troubles due to lightning in 1915 were several times the average. 
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THE Relation 
Transformers and the 


Comparing the percentage which these shaded areas bear to 
the total in the same manner as for Fig. 18, we find that the 
areas showing the fuses blown in Pig. 9 are 6 per cent and 28 
per cent respectively for the class A areas and for the rest of the 

per cent transformers burned out are 13 

tZ rZ Z f respectively. When considered with 

tionTfh^Tir- toansformers against a large frac- 

the hghtmng strokes, and that the rest of the strokes 

are beyond the capacity of the arrester. 

By comparing the shaded areas on Piv 1Q vnfi, o .v,o i, • 

th, eJhseSoL iTclr SSraf 

the shaded sections outside the 100 per cent areas asTin 
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eral, the sections in which the number of transformers per square 
mile is small. An attempt has been made to plot a curve show¬ 
ing the variation of lightning trouble with the ratio of arresters 
to transformers, as shown in Figs. 20 and 21. The points in 
Pig. 21, showing the fuses blown, almost result in a curve. One 
. point, however, is almost off the scale. This is the result of the 
storm of August 16th and if this particular storm is eliminated 
from the record because of its nature, before plotting results, 
then the storm of May 15th should also be omitted. The latter 
storm, however, affects other points so that the final result is 
not materially better than Fig. 21. In a general way, the con¬ 
clusion can be drawn from this figure, that increasing the number 
of arresters reduces the percentage of fuses blown: that is, it 
improves the lightning protection. Taken in conjunction with 



f’ATIO tSISs ' percent 


Fig. 21—Diagram Showing for Class C Protection the Relation 
Between the Ratio of Arresters to Transformers and the Pri¬ 
mary Fuses Blown 

the previous figure, the points on Fig. 21 appear to indicate 
that the installation of comparatively few arresters on a line 
will make an appreciable improvement in the lightning protection. 

On Fig. 20 the points are so scattered that it is quite impossible 
to draw a line which would fairly represent average values. It is 
probable, however, that a part of this difficulty may be due to 
differences in the protective values of the several types of 
arresters. 

Taking the several conclusions into consideration, it appears 
that, starting with the assumptions, (1) that lightning strokes 
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cover a wide range of frequency, and (2) that a lightning arrester 
acts like a pop-valve rather than like an umbrella, the behavior 
of the lightning arresters during a thunder storm, may perhaps, 
be described as follows. Some of the lightning strokes are of 
comparatively low frequency and moderate volume, so that an 
arrester placed anywhere along the portion of the line affected, 
by the stroke will protect the transformers. This type of stroke 
is the only kind that is seriously affected by the old fashioned 
scheme of scattering a few arresters along the line poles. 

For strokes of higher frequency, it becomes necessary to have 
the arresters nearer the transformers, and this may be accomp¬ 
lished in part by installing an arrester on the pole next adjacent 
to each transformer. This results in a considerable improvement 
by the elimination of strokes of moderately high frequency, and 
also of the lower frequency strokes that are of too great volume 
to be discharged by a single arrester. For strokes of very high 
frequency, the arrester on the pole next adjacent to the trans¬ 
former is no longer sufficient, and the arresters must be placed 
immediately alongside the transformer. This eliminates a still 
further percentage of the lightning strokes from the list that 
cause damage. There still remain strokes of such high frequency 
and volume that a single arrester on the transformer poles 
becomes inadequate on account of its limited discharge capacity. 
This may account for the damage done to the transformers 
that are so protected. 

Where the transformers are located at some considerable 
distance along a line, or at the end of a long line, the indications 
are that a single arrester on the transformer pole will again 
prove inadequate, and that in order to secure the best protection 
the rules should require, in addition, a certain maximum dis¬ 
tance (not yet determined) between arresters, so as to protect 
against the lightning strokes of moderate frequency and consid¬ 
erable volume, which cannot be discharged by a single arrester 
and which are apparently a fair proportion of the total number 
of strokes. 

One of the causes of the difficulty in attempting to secure 
average results from lightning conditions is well illustrated in 
Fig. 10. Upon making a critical examination of this map it 
will be noted that within the four sections adjacent to 111th and 
State Sts., there were five burned out transformers and 24 blown 
fuses, or a ratio of 1 to 4.8, while in the four square miles adja¬ 
cent to 95th St. and Ashland Ave., there were 16 burn-outs and 
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♦Same as B transformers. 
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14 blown fuses, or a ratio of 1 to 0.9. At the former location it 
appears that there was a large number of strokes of lightning 
of moderate frequency and volume so that only 20 per cent of 
the total number of troubles resulted in burned out transformers. 
At the latter location there was apparently a group of very high- 
frequency discharges of considerable volume as indicated by the ^ 
fact that over one-half of the transformer troubles resulted in 
burn-outs. 

Similar evidence of erratic behavior of the lightning can be 
seen in the storm of May 15th, shown in Fig. 9. In this storm 
it will be noted that several transformers burned out near 55th 
St. and Crawford Ave., which were several miles distant from 
any other lightning trouble. The two burn-outs near 63rd St. 
and Crawford Ave., were on the same pole, one transformer, 
burning out in the early morning, was replaced by another 
during the day and was again burned out by lightning during the 
evening. In this case there was an arrester on the same pole. 
If one were inclined to draw conclusions from isolated cases, it 
might be concluded from this particular example that the pres¬ 
ence of a lightning arrester on a transformer pole is a hazard. 

On Fig. 9 there can also be noted, in the northern part of the 
city, a large number of fuses blown without any transformer 
burn-outs in the immediate vicinity. In particular, there is one 
group of such cases near Western 8c Lawrence Aves. It would, 
of course, be very interesting to learn whether this group of 
primary fuses were all blown by one stroke of lightning, or by 
a number of successive strokes. Such information is very diffi¬ 
cult if not impossible to obtain. 

XX— Conclusions 

As a result of the experience in 1915, the rule under heading 
XIII was again altered last December, so as to require the in¬ 
stallation of a lightning arrester with each transformer thereafter 
installed, regardless of its size or use. Later it was also decided 
to extend this rule to all transformers now installed having the 
class C protection. This is equivalent to stating that the 100 
per cent areas are to be extended so as to cover the entire city. 
This work is now progressing as fast as the deliveries of lightning 
arresters will permit, and will probably be completed before the 
presentation of this paper. These changes in the rules were 
made on account of the improvement in service, which in the 
light of experience, might reasonably be expected. The net 
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result of the increase in the number of arresters will be an in¬ 
crease in the annual charges against the system of distribution, 
and as the saving in repairs to transformers is estimated to be 
not more than about two-thirds of the interest, depreciation, 
maintenance, etc., of the arresters, the additional expense must, 
•therefore, be charged against improved service.* 

An attempt has been made to set forth, during the discussion 
of the results, such conclusions as could be most readily drawn 
from the facts submitted. For convenience, however, these 
conclusions, together with others that appear to be warranted by 
experience, may be summarized as follows: 

1. The transformer troubles during lightning storms may be 
reduced: (a) by the removal of the transformer primary ter¬ 
minal boards, (b) By the installation of lightning arresters. 

2. Lightning arresters installed on the transformer poles are 
considerably more effective than if installed on the line poles. 

3. When the lightning arresters are confined to the line poles, 
the protection against lightning is improved by increasing the 
number of arresters. 

4. Whether the lightning arresters are on the line poles or 
on the transformer poles, the protection appears to be improved 
by an increase in the number of arresters per square mile or per 
mile of line. 

5. Even in the most severe lightning storms, which apparently 
cover a given territory quite completely, there will be numerous 
extended areas within this territory which will be entirely free 
from lightning disturbances. 

6. While a lightning arrester on the same pole with each trans¬ 
former appears to be quite adequate protection in a region where 
the transformers are reasonably close together, the protection 
appears to be inadequate where the transformers are separated 
by distances ranging above (say) 2000 ft. (609.6 m.) 

7. There is no serious difficulty in devising forms of safe con¬ 
struction for installing lightning arresters on the transformer 
poles. The construction is considerably simplified by the use 
of self-contained arresters which do not require inspection. 

8. The modern types of arreste rs comply with the specification 

*The calculations on which the above conclusion is based, are given 
in greater detail in a paper entitled, “Lightning Protection for Trans¬ 
formers on 4000-Volt Distributing Circuits,” read before the National 
Electric Light Association at its convention in Chicago May 22nd to 
May 26th, 1916. 
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that a protective device should be less subject to trouble than 
the apparatus which it protects. 

9. The modern types of lightning arresters are so free from 
trouble that the installation of a fuse in series with the arrester, 
for the purpose of disconnecting the arrester in case of trouble, 
is not warranted. 

10. Absolute immunity from lightning troubles cannot be 
secured by an installation of lightning arresters. 

11. For the conditions in Chicago the installation of lightning 
arresters for the protection of transformers is not warranted by 
the saving in the cost of repairs to transformers, and can be 
justified only as a means for improving the quality of the service. 

12. Great care should be used in attempting to draw general 
conclusions from the experience obtained from a few arresters, 
or during a single season or from a limited area. 

13. The use of the several schemes for the improvement of 
the lightning protection that are herein described can reasonably 
be expected to remove at least 90 per cent of the lightning troubles 
formerly experienced. 


Presented at the 33d Annual Convention of 
the American Institute of Electrical Engineers, 
Cleveland, 0., June 2S, 1916. 


Copyright 1916. By A. I. E. 


EXPERIENCE AND RECENT DEVELOPMENTS IN 
CENTRAL STATION PROTECTIVE FEATURES 


BY N. L. POLLARD AND J. T. LAWSON 


Abstract of Paper 

The protective features described in this paper are some of 
those now in use on the system of the Public Service Electric 
Co. which serves a population of about 2,200,000. 

The ^most interesting protective devices and schemes dis¬ 
cussed in this paper are as follows: 

Aluminum cell arresters; arcing ground suppressor; faulty 
cable localizer; cable testing; high-potential and high-frequency 
testing; generator bus connection scheme; exciter connection 
scheme; reactors; relays; multi-recorder; insulation resistance 
recorder; air washers; resistance bulbs and thermo-couples; 
dampers on ^ air-blast transformers; coherer alarm devices; 
potential indicating devices. 

T he entire territory served by The Public Service Elec¬ 
tric Co. comprises three principal divisions; the Northern, 
Central and Southern, which include the more densely popu¬ 
lated sections of the State of New Jersey. Fig. 1 shows a 
diagram of the transmission system. 

The Northern Division consists of eight generating stations 
having a combined capacity of 148,000 kw. and feeding 33 sub¬ 
stations. 

The Central Division consists of five generating stations hav¬ 
ing a combined capacity of 17,800 kw. and feeding 13 substations. 

The Southern Division consists of four generating stations 
having a combined capacity of 32,000 kw. and feeding 17 sub¬ 
stations. 

In the larger stations, current is generated at 13,200 volts, 
3 phase, both 25 and 60 cycles, and in most cases is distributed 
at that voltage between the various stations and substations, 
through 260 miles (418.4 km.) of underground cable and 425 
miles (683.9 km.) of overhead lines. 

In the smaller stations, current is generated at 2400 volts, 
two-phase, 60 cycles, and distributed locally at that voltage. 
That part of the current not consumed locally, is stepped up to 
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Fig. 1 General Transmission System 
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13,200 volts, three-phase, by means of Scott-connected trans¬ 
formers. 

In certain sections our loads have increased so rapidly that 
it has been found impracticable to take care of any additional 
load and maintain the proper service at these points. In order 
to take care of these sections it was found necessary to change - 
some of our transmission lines to 26,400-volts, and to install 
step-up and step-down transformers with a ratio of two to one. 

The method of operation is to run all stations in multiple, 
which necessarily means that the largest and most economical 
stations deliver the most output. The older and smaller stations 
are used at off-peak and as stand-by stations. 

Six years ago, in the Northern Division, there were too many 
cable failures in relation to the mileage. The following table 
shows the number of shut-downs in the Marion zone since 1913 
and a classification of these shut-downs for 1913,1914, and 1915. 
xA. few of the cables are operated either as spare cables, 25 or 
60 cyles, and these are included in the total mileage of both the 
25 and 60-cyck cables. The total number of line and cable 
interruptions since 1913 has decreased while the mileage has in¬ 
creased. This was brought about by eliminating as rapidly as 
possible all equipment that was proved defective and by the 

use of such safety devices and connection schemes as are de- 
scribed later. 


CLASSIFICATION OP TROUBLES RESULTING IN INTERRUPTIONS 
__ TO SERVICE 


Classification 


Insulator failures... 

Cable failures. 

Storms. 

Outside interference. 
Central station app. 
Substation app.. .. , 
Secondary feeders... 
Operating mistakes.. 
No apparent cause.. 
Total failures. 

“ “ per mile. 

Miles cable. 

Miles overhead. 

Total miles. 


1913 


25- 


No. I % 


12 

2 

9 

9 

3 

2 

5 

2 

10 

54 

53 

54 
137 


22 

4 

17 

17 

5 
4 
9 
4 

18 


39 


6C 


No. I % 


30 

21 

16 

22 

4 

7 

23 

10 

15 

148 


20 

14 
11 

15 
3 
5 

15 

7 

10 


.69 


90 

123 

213 


No. 


15 

4 

11 - 

7 
1 

20 

8 
2 

10 

78 


1914 


25 


% 


19 

5 

14 

9 

1 

26 

10 

3 

13 


.56 


53 

54 
37 


60- 


No. 


14 
12 

15 
27 

5 

11 

16 
4 
9 

113 


13 

10 

13 
24 

4 

10 

14 
4 
8 


.44 


121 

133 

254 


% 


3 

14 

8 

5 

5 

12 


5 

52 

53 

54 
137 


1915 


25 


No. 1 % 


6 

26 

15 

10 

10 

23 


10 


.38 


60 


No. I % 


6 

18 

22 

19 

3 

10 

6 

5 

25 

14 

141 

44 

285 


5 

15 
19 

16 

3 
8 
5 

4 

22 


40 
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Aluminum Cell Arresters 

While the installation of altuninum arresters has made the 
apparatus trouble disappear almost completely, and as the table 
shows, the failures of cables have decreased, it has, as might be 
expected, not given all the desired protection to the cables. The 
, reason for this is probably that the surges on the cables are in 
the form of distributed charges and the potentials rise locally 
in the cables entirely beyond the protective influence of the 
arrester. 

Upon analyzing these cable failures, it was noticed that the 
majority of them were caused by faults to ground which later 
developed into short circuits. At this time, due consideration 
was given to the question of grounding the neutral of the system, 
but after taking all the factors of the problem into account, 
such as continuity of service etc., the idea of grounding the 
neutral was abandoned and it was decided that, as far as the 
system was concerned, the best remedy was the arcing ground 
suppressor. 

Arcing Ground Suppressor 

An arcing ground suppressor was installed in our largest gen¬ 
erating station and numerous aluminum cell arresters on differ¬ 
ent parts of the system, believing that they would be the remedy 
best adapted to meet our requirements. 

The arcing ground suppressor has now been in service about 
five years and the records show that it has operated in every 
case where a fault to ground occurred, by extinguishing the arc, 
and preventing an interruption to service. 

The arcing ground suppressor consists of three single-pole in¬ 
dependent motor-operated oil switches, electrically and mechan¬ 
ically interlocked, to prevent more -than one operating at the 
same time. Each switch is connected to ground on one side and 
to the bus on the other. Th® suppressor is controlled by a 
balanced three-phase potential relay, which remains inactive 
while the system is balanced, but when unbalanced, due to a 
ground on one phase, it operates the corresponding phase of the 
suppressor, which, in turn, grounds the same phase of the bus; 
thus shunting the current and extinguishing the arc. In cases 
of short circuit, an extra precaution is taken to prevent possible 
operation of the suppressor by the addition of an overload relay 
which opens the control circuit of the suppressor. 

A more detailed account of the arcing ground suppressor, 



700 


POLLARD AND LAWSON 


[June 28 


its action and effect on a transmission system, can be found in 
a paper written by E. E. F. Creighton and J. T. Whittlesey 
published in the Transactions of the A. I. E. E., Vol. XXXI 
1912, p. 1881. 

Faulty Cable Localizer 

Working in conjunction with the suppressor is a device known' 
as the faulty cable localizer, which serves the purpose of indi¬ 
cating the particular feeder on which an arc to ground occurs. 

This device consists of a relay connected in series with the 
neutral of the feeder current transformers. When a ground 
occurs, the secondary current of the transformers becomes un¬ 
balanced, and causes the relay to operate. This in turn, rings 
a bell and lights a pilot lamp which indicates the faulty feeder. 
It takes about 0.15 of a second for the localizer and 0.3 of a 
second for the suppressor to operate. 

There is one record of a 15-minute interruption to the service 
in the Northern Division caused by a cable end bell short-circuit¬ 
ing on an armature lead of a generator in one of our stations, 
before the suppressor and localizer were installed. Shortly after 
the suppressor and localizer were put in service, the same thing 
occurred again and the situation was handled in such a manner 
that no one outside of the power station was the wiser. A number 
of instances are on record where a ground has occurred on sub¬ 
station buses without an interruption to service. 


Cable Testing 


As a further means of reducing our cable troubles to a minimum 
we made a careful investigation of the possible causes of failure. 

hor the first few years, all cable was installed by the manu¬ 
facturer but we finally took over this work ourselves, with the 

Idea of improving the factors entering into cable installation 
as much as possible. 


study was made as to the best method of making 
cable joints and particular attention was given to such factors as 

1. uavorable weather conditions, 

2. Elimmation of impurities, air and moisture. 

tape insulating varnish between each layer of 

4. Careful and even winding of tape. 

0 . Improving the human element. 

Aside from installationfprecautions, we have made it a practise 
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to inspect cable during the process of manufacture, and to see 
that our cable specifications are strictly adhered to. 

All cables are tested with 26,000-volts for three minutes 
before putting them in service, but we do not make a practise 
of testing them periodically. In case there are indications of 
.trouble on a cable while in operation, it is cut out of service, 
given a test of 26,000 volts for three minutes, and returned to 
service in case no failure occurs. 

In our opinion, a 13,200-volt cable should not be tested at a 
voltage higher than 26,000, since our experience has shown that 
too high a testing voltage often weakens the insulation at some 
point, which weakness finally manifests itself in a complete 
breakdown, even under normal operating voltage. 

High-Potential and High-Frequency Tests 

Our line insulators used a number of years ago consisted of 
many different types, no one type having been standardized. 
The old insulators not only spilled over during trouble but also 
became punctured frequently. The insulator creepage surface 
was then increased and the insulators tested with high-poten¬ 
tial 60-cycle current, but without satisfactory results. 

About two years ago, we started testing with high-frequency 
and were soon convinced from the results obtained that the 
insulators were not capable of standing this test. Various types 
of insulators were then experimented upon and a design finally 
adopted having a ratio of puncture to flash-over of about 2 to 1. 
Now, every insulator before being placed in stock or used on 
the lines is given a 15-second high-frequency test. Although 
these insulators are previously tested at 60-cycles, about 2 per 
cent fail to pass the high-frequency test. 

Generator Bus Connection Scheme 

Station capacities have increased so rapidly in the last few 
years that the bus arrangement has become a matter of vital 
importance in the protection of both apparatus and service. 
The ideal arrangement is one that secures the greatest amount of 
protection to the apparatus, and at the same time localizes and 
minimizes the effect of trouble. 

Two years ago, before beginning work on the new Essex 
power station, a thorough study was made of various bus schemes 
and after analyzing those used by the large power plants of this 
country, it was decided that none of them would be satisfactory. 
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A bus arrangement was then designed which, in our estimation, 
would approach the nearest to the ideal, and called the '‘selective’^ 
bus scheme, which is shown in Fig. 2. 

The considerations that governed in deciding on this bus 
layout are as follows: 

Flexibility 

Simplicity 

Limitation of abnormally high currents. 

Continuity of service. 

% 

r 

SYMBOLS 
B Tie Bus Switch 



'' made for six generators and consists of one loop 

feeders each.^^ 

olJtrc^boardTr* connections is a new application of the 

Bv means of flexible layout known. 

sitchS can he “1 ^^tehes, the feeder oil 

tches can be connected to one or the other of two given 
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group buses; for instance, the twenty feeders on group buses A 
and B can all be connected to group bus A or group bus B or 
part' to each group by twos. 

The maximum flexibility in operation is obtained due to the 
fact that each generator may be connected directly to any part 
• or parts of the load desired. 

The generators are connected to a loop tie bus through tie 
bus reactances and can be operated in parallel at all times, if 
desired. 

Exciter Connection Scheme 

The exciter connections are fully as important as the main 
a-c. bus connections, inasmuch as the maintenance of the a-c. 
generator voltage depends upon the reliability of the excitation. 
In order to secure a dependable excitation service, several 
sources of supply should be available. The bus should be so 
arranged that a failure of one source cannot affect the others, 
except through its effect momentarily on the main bus voltage. 
The ultimate exciter system that will be adopted in the Essex 
station is clearly shown in Fig. 3. 

Each generator has a direct-connected exciter, three spare 
exciters and a battery being available for emergency use. Each 
source of excitation has its individual bus. In case of voltage 
failure of one of the direct-connected exciters, a low-voltage 
relay instantly closes the battery breaker, thus connecting the 
battery to the affected exciter circuit. Immediately after, the 
breaker of the exciter in trouble opens, due to reverse current. An 
emergency exciter may then be started up and paralleled with 
the battery and the battery disconnected and left ready for 
emergency service again. 

A contact-making voltmeter is provided for maintaining the 
exciter battery voltage automatically at operating value at 
every instant. 

Reactors 

Bus Tie Reactors. At the present time, generators of such 
large capacity are being used that it is necessary to protect them 
from the effects of disastrous short circuits by means of internal 
or external reactance. Where several generators are operated in 
parallel,it is essential that bus-tie or bus-section reactors be used 
in order to prevent the combined capacity of all the generators 
from feeding into any one point of short circuit. Bus-section 
reactors will limit the current on any one section but take up 
valuable space in the bus, complicate the connections, and in 
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cases where parallel feeders are connected to different sections of 
the bus, it is difficult to obtain balanced currents in these feeders. 



reactance coils best adapted to meet our 
^t ^ governed by the following factors: 


Low losses 
Space occupied 
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Temperature rise 

Ability to stand short circuits 

Freedom from inflammable material. 

The use of tie-bus reactors has none of the disadvantages 
o t e bus-section reactors, and does limit the amount of 



To Generators & Group Buses 



Pig. 4 Effect of Tie Bus Reactance Short Circuit Current 

short-circuit current on any one section to any value desired 
depending upon the amount of reactance used. For this x*eason, 
tie-bus reactors will be used, connected as shown in Fig. 4. 

The curves in this figure show the effect of tie-bus reactance 
on short-circuit currents j assuming that short circuits occur at 
the points G, K and M, The per cent tie-bus reactance per 
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generator is plotted against the maximum short-circuit current 
times full-load current of generators. Assuming that a short 
circuit occurs at points marked G or K on generator bus No. 3, 
the maximum short-circuit current flowing into either of these 
points from the other five generators is shown by curve No. 1. 
Curve No. 2 shows the total short-circuit current of all six 
generators. Curve No. 3 shows the maximum short-circuit 
current of six generators feeding into a point marked M on the 
tie bus. The worst condition, as far as the oil switches are con¬ 


cerned, is to have a short-circuit at either one of the points G 
or K. The main generator and tie-bus oil switch must open the 
short-circuit current of five generators when the trouble is at 
K\ when at G the main generator oil switch is only required to 
open the short-circuit current of one generator. The slope of 
the curves is greater for the first few per cent of reactance, and 
gradually becomes less as the per cent of reactance is increased; 
a value greater than 10 per cent being impracticable. It there¬ 
fore follows that a percentage of reactance should be selected 
which will limit the short-circuit current to a safe value and still 


not cause the coils to be excessive in size or cost. 

Feeder Reactors. Two years ago the generator capacity 
in our Marion Station had increased to such an extent that the 
oil switches, in some instances, were unable to rupture the ex¬ 
cessive short-circuit current. This unsatisfactory condition com¬ 
pelled us to install reactance coils on all the 60-cycle feeders. 
Aside from the short-circuit limiting feature of the reactance 
coils, we believed that a better selective action of relays would 
result, if reactance coils were installed on both ends of the 
tie feeders connecting the Marion and City Dock stations. 
After studying the conditions then existing, reactors were 
also installed on the City Dock end of the 60-cycle tie feeders. 

ive per cent reactance was chosen as the amount best suited 
or the radial feeders and two and one-half per cent at each end 
of the tie feeders. (As a matter of fact, we installed five per 
^nt reactance coils and used the two and one-half per cent taps.) 

here were at this time, seven tie feeders between Marion and 
City Dock and five or six of these operated in parallel at all 
imes. Each feeder consisted of 2.5 miles (4 km.) of cable at 

f ^4.8 km.) of aerial line and one- 

half mile (0.8 km.) of cable at the Marion end. 

If a fault occurred on one feeder there would be 2.5 per cent 
reactance between either station bus and the fault and an addi- 
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tional 5 per cent reactance between the unaffected tie feeders 
and the faulty one. As anticipated, this arrangement gave the 
very best selective action of our relays in case of trouble. 

About one year after the installation of the reactance coils, 
the tabulated records of failures on tie feeders showed that in¬ 
stead of being faults to ground as formerly, they were in most 
cases, short circuits. Shortly after this, five sets of aluminum 
cell arresters were installed 2.5 miles (4 km.) from the City 
Dock station at the point where the underground cables con¬ 
nected to the aerial lines, with a hope of relieving the local 
potentials in the cables, but satisfactory results have not been 
obtained up to the present time. 

By a comparison with the 25-cycle system, where no reactors 
are used on the feeders, it seems evident that the change in the 
nature of the faults on the 60-cycle system might surely be 
attributed to some unknown result of the combination of the 
inductance of the reactor and the distributed capacitance of the 
cable. To overcome rises of potential at the terminals of the 
concentrated inductance in the reactors, aluminum arresters were 
installed on the buses, which, with the arresters already installed 
on the feeders, placed protection on each side of the reactance. 
Even with this protection, all the sources of trouble have not 
been reached, as indicated by the continued failures of cables, 
and two cases of internal failure of reactors which might properly 
be attributed to a local rise of voltage internally in the reactor. 

It is evident that these troubles are of a deeper nature than 
would appear on the surface and we are laying plans to make a. 
furthei study of the surges both from the standpoint of local¬ 
ization of potential and natural'frequency. 

It seems proper to attribute these troubles to surges. If the 
troubles were due to weak insulation, they should occur as fre¬ 
quently on the 25-cycle system as on the 60-cycle system, which, 
as already recorded, is not the case. 


Relays 

During the early days of the electrical industry more attention 
was given to the protection of apparatus than to maintenance 
of service and therefore, the aim of the operating man was to 
remove the short circuit as quickly as possible. 

In short, the old idea of protection was one of adjusting relays 
and circuit breakers to protect apparatus against overloads. 
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Later, with the improvement of station apparatus and its 
ability to withstand short circuits, the thought gradually took 
root that the function of the relay should, be primarily to pro¬ 
tect against interruption of service to the customer. The result 
is that the modern idea with reference 1:0 relavs, is to insure, 
continuity of service. It is only in recent years that this idea has 
developed and central-station men today do not fear break¬ 
downs in apparatus as much as service interruptions. 

Carrying out the idea of service protection, operating companies 
of late years have gone to considerable expense in electrical 
features related to the transmission system. The best insurance 
against interruptions has demanded the use of duplicate feeders 
over more than one route, such as by means of tie lines, parallel 
feeders, ring connected feeders, etc. This means a larger and 
more complicated system, an increase in liability of breakdowns, 
and therefore a more serious problem as far as relay protection 
is concerned. 

It is obvious, that practically all interruptions in a transmission 
system will be minimized if faults are easily and quickly removed 
before they have had time to cause serious trouble. 

In order to determine the proper setting of instantaneous 
overload, inverse-time-limit and inverse-definite-time-limit re¬ 
lays which are more commonly used on a system of distri¬ 
bution, it is necessary to know the characteristics of the system 
as well as the characteristics of the generators, autom.atic appar¬ 
atus, circuit breakers, regulators, etc., before anything can be 
done along these lines, and before the time elements of relays 
can be adjusted, the following information is necessary: 

1. The instantaneous short-circuit valuo of current through 
each conductor to which the relays may be applied. 

2. The sustained short-circuit value of current through each 
conductor. 

3. The time in changing from 1 to 2. 

4. The time required for various automatic circuit breakers 

to open the circuit after application of current through the trip 
coils. 


5 The safe current-opening characteristics of various cir- 
cult breakers. 

6. The time characteristics of the various relays. 

7. The probability and amount of flow of energy in the case 
of circuits operating in parallel. 

If these seven items were known with any degree of accuracy , 
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it would enable one to accurately set relays, but as a matter of 
fact, it is almost a physical impossibility to arrive at these seven 
conclusions with any degree of certainty. For instance, the 
values of short circuits depend particularly upon the character¬ 
istics of the generators and also upon the impedance of the cir¬ 
cuit to the point to which the relays are connected. The further 
the point of the short circuit from the generator, the less will 
be the difference between instantaneous and sustained short 
circuits, or between item 1 and item 2, providing the same appar¬ 
atus is included between the short-circuit point in question and 
the generator. 

Again, operating companies whose growth extends over a 
period of years, must necessarily operate generators of different 
internal characteristics. For this reason, the results obtained 
from setting a relay for values 1 and 2 for a machine purchased 
several years ago, will not be the same for a generator installed 
recently. 

Assuming for the moment that the seven items listed are known 
and an attempt is made to accurately time relays for selective 
action, the accuracy of current values required to trip a relay can 
be left as a matter of small concern, for when a short circuit 
occurs, the current setting of relays is usually exceeded by at 
least several hundred per cent. This applies equally well to 
inverse-time or definite-time relays. It is an impossibility to 
get selective setting with the inverse-time-limit relay because it 
has the unfortunate characteristic of being instantaneous with 
a heavy overload. This characteristic prevents the use of this 
type of relay for selective action because a short circuit of suffi¬ 
cient magnitude will cause all the relays from the fault to the 
source of supply to become instantaneous, and thus any or all 
of the relays are liable to trip out instead of only the ones near¬ 
est the fault. 

Better results can be obtained by the use of an inverse-de¬ 
finite-time-limit relay, the time setting of which depends upon 
the damping action of a permanent magnet on an aluminum 
disk, giving as great a degree of accuracy as can be obtained in 
the calibration of watt-hour meters used in connection with a 
torque compensator. 

This type of relay is more accurate and allows closer setting 
than any other type, and when once set, r^ains the same, but 
in an extensive system, the results obtained from its use are 
nevertheless disappointing. The reason for this is simple, when 
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it is considered that the time interval between successive cir¬ 
cuit breakers should be equal to the time taken for the circuit 
breaker to open its arc, plus a margin of safety to include varia¬ 
tion, and if there are several feeder sections in series and the 
trouble should be near the generating end, the short circuit may 
not be cleared for several seconds, which means, of course, a 
loss of all synchronous load on the system, or in other words, a 
complete interruption to the service. 

From the foregoing, it can be seen that irrespective of the 
character of the distribution system, it is practically impossible 
to isolate faulty cables or lines by the relays most commonly 
used, and therefore the records of most operating companies 
show that faulty feeders usually interrupt a large area and a 
great many more consumers than is necessary. 

With the relays more commonly used, the most satisfactory 
results are obtained by using them with a radial distribution 
s^^stem; or, in other words, most operating companies get the 
best results by adapting their systems to meet the faults in the 
relay rather than design a rel^y for a minimum cable outlay. 

A well designed transmission system is one which has the 
following characteristics. 

1. Safety in operation for employees and the general public; 

2. Suitability of supply for the purpose required; 

3. Freedom from interruption. 

Therefore, the question resolves itself into one of design, as 
has been shown. 

Failure of supply is usually caused by breakdown of trans¬ 
mission and the primary precaution is therefore careful attention 
to design, manufacture and maintenance of the various parts of 
the system, but since no apparatus can be made absolutely 
immune from breakdown or external damage, the secondary 
precaution is to make arrangements so that the effects of a 

breakdown to any part of the system are localized as much as 
possible. 

In some cases, such precautions may mean increased capital 

cost, but undoubtedly result in a net economy if a broad view is 
taken. 

Foitunately, however, well designed apparatus does not neces- 
tarily cost more than badly designed apparatus and it is possible 
to cheapen the system by closer localization of breakdowns. 

Balanced Selective Relay. In connection with the seven tie 
feeders between City Dock and Marion, mentioned elsewhere in 
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sary to disconnect the balanced selective relays and depend on 
overload protection. 

Judging from past experience with different types of relays, 
a pilot wire relay would seem to be the best one to adopt if it 
were not for the trouble and expense entailed by the necessity 
of the pilot wires. Therefore, some scheme based on the pilot ^ 
wire principle, having all the advantages and none of its dis¬ 
advantages would be an ideal one for our interconnected system. 

Our investigation shows that the nearest substitute for the 
pilot-wire scheme and one that has practically all the advantages 
is the split-conductor principle. During the coming year we 
expect to make several installations of this character. 

Multi-Recorder 

The multi-recorder is a device for recording the time to the 
fraction of a second of the sequence of action of oil switches, 
circuit breakers, potential indicating devices and aluminum cell 
arresters. A record of this kind is invaluable to the station man 
in analyzing troubles or ordinary switching changes. 

In order to have complete information on the performance of 
station apparatus under all conditions, it is highly desirable to 
have records of the closing and opening of circuit breakers, 
operation' of lightning arresters, appearance and duration of 

high voltage in the lines and the occurrence of grounds and short 
circuits. 

At the time of writing this paper the installation of the multi¬ 
recorder is not complete, therefore we are unable to give any 
. actual operating experience with this instrument. 


Insulation Resistance Recorder 

The, insulation resistance recorder is an instrument which 
gives a daily graphic record of the insulation resistance of the 
systern. The results obtained so far from the use of this instru¬ 
ment have been rather disappointing, due to the fact that there 
are so many old insulators of different insulation characteristics. 
When the insulators are all changed so that they will have the 
same characteristics throughout the system, we can, by estab- 
hshmg a point on the chart which might be called “dangerous,” 
ut wrhich IS well above the breakdown point, give the operator 
an opportunity to report when the insulation of the system reaches 
this value. By isolating the transmission circuits one at a time, 
he line m question can be removed from the system and later 
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by liigh-potential testing or other methods, the bad insulators 
can be located and removed from the line. 

In using this instrument on lines where the insulators have 
been standardized, very good results have been obtained. Its 
use has also shown the need of increasing the insulating qualities 
of porcelain, which is something that we did not know before. 

Air Washer 

The capacity of a generator is directly dependent upon its 
temperature. In order to keep its temperature as low as possible, 
it must be supplied with a sufficient amount of clean, cool 
humidified air. 

The specific heat of air being low,itisnecessary that it be hu¬ 
midified in order to increase its heat carrying qualities sufficiently. 
It is also necessary that the air be free from impurities in order 
to prevent a partial or complete closing of the machine venti¬ 
lating ducts. 

A well designed air washer will satisfy all the requirements 
mentioned above. 

Air washers are used in connection with our largest turbo¬ 
generators and our experience leads us to believe that their use 
is almost a necessity; particularly where the conditions are such 
that the air contains a great many impurities. If an air washer 
is not used, it is necessary to remove the rotor of a machine 
periodically and clean the ventilating ducts or in time they will 
become so clogged with refuse that over heating will result and 
a burn-out occur. 

Where large air-blast transformers are used and the air con¬ 
ditions are not satisfactory, it would, in our opinion, be advisable 
to install an air washer. 

Resistance Bulbs and Thermo-Couples 

For several years it was our practise to install resistance bulbs 
in the windings of the largest turbo-generators and synchronous 
motor-generator sets, in order to know at all times the temper¬ 
ature of these machines. The results obtained by their use so 
far have not met with expectations. 

The resistance bulbs furnished to-day are somewhat more 
substantial than the earlier type but are still too frail to stand 
much hard usage. In the windings of our more recent motor- 
generator sets thermo-couples have been installed which we 
believe, will give better service than resistance bulbs, as they are 
less liable to mechanical injury. 
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The temperature indicator has been found very useful in 
determining when a machine needs a thorough cleaning. Thus, 
a possible burnout is prevented which otherwise could not be 
foretold. 

It is our opinion that wherever possible thermo-couples should 
be installed at the hottest points in the windings of all large 
generators or motors. 


Dampers on Air-Blast Transformers 

In most of our stations where air-blast transfonners are 

installed a common air chamber is utilized for all the transformers 

and we have found this method of air supply more economical 

than to use a separate and independent blower for each trans- 

. former. Each transformer is equipped with a top and bottom 

air damper so that in case of fire in the transformer, the dampers 

may be closed, thus shutting off the air supply and smotherini>' 
the fire. 

We strongly recommend top and bottom dampers on all air- 
blast transformers especially where a common air chamber is 
used. If the transformers are not equipped with both top and 
bottom dampers and a fire starts in one of the transformers, it 
IS necessary to cut off the entire air supply for a considerable 
time depending upon how long it takes to put out the fire. This 
might compel the station man to disconnect the other trans¬ 
formers from the service; thus resulting in a complete inter- 
ruption. 


Coherer Alarm Device 

This device is used to register predetermined voltage rises on 
t e transmission line itself, across reactance coils or on aluminum 
ce ig rung arresters. In order to get a permanent record of 
1 s action. It can be connected to a relay which will make a re- 
cor ^ on a multi-recorder This device has been found very con- 
Imsters^ register the discharges of our aluminum cell lightning 

Previous to the installation of this device, it had been the 

these reenra«.c ^ conclusion that while 

“rotation, the continual 
P paper record rolls was expensive and troublesome. 
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Potential Indicating Devices 

Electrostatic potential indicating devices are used to indicate 
potential on feeder circuits. The instrument is connected to 
the middle point of two strain insulators in series, which are 
connected between each live wire and the ground. The dis- 
• placement current through the insulators is sufficient to operate 
the instrument. 

Another method of obtaining the voltage indications is to 
install potential transformers whose secondaries are connected 
to indicating lamps or voltmeters. However, this means is 
rather expensive and the required space for potential transformers 
is not always available. 

It would therefore seem that the potential indicating device 
now on the market might fill a long felt want. 
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PROTECTION OF HIGH-VOLTAGE DISTRIBUTION 
SYSTEMS BY ISOLATING TRANSFORMERS 


BY O. 0. RIDER 


Abstract of Paper 

This paper calls attention to the practicability of localizing 
line disturbances by means of transformers. Application is made 
to high-voltage distribution systems serving the rural com¬ 
munities which results in an inter-connected net work of over¬ 
head lines. 

I N THE generation, transmission and distribution of electricity 
there is growing the application of intermediate voltages for 
the supply of energy to the smaller communities and isolated 
industrial centers, forming a net-work of high-voltage distri¬ 
bution with characteristics in operation and maintenance that 
present new problems and require plans for protection differing 
from those on the low-volt age system used in urban distribution. 
This development applies more particularly in those sections of 
the country where the population is generally distributed, such 
as found in the Middle West. 

In choosing an electrical pressure for this work, 33,000 volts 
has been found to be the highest practicable voltage for pin-type 
construction, and at the same time a voltage sufficiently low 
from which small amounts of power can be supplied economically 
to meet the growing commercial needs. It also appears that a 
system operating at this voltage is the most suitable intermediate 
step between very high voltages for delivery of large blocks of 
power over long distance, and the low-voltage system ordinarily 
used for distribution in the larger cities. 

In the operation of such a system one requirement is at all 
times preeminent; namely, supplying continuous service over 
three wires. The non-grounded neutral system is used which 
permits service being maintained under conditions of accidental 
ground on one phase. This greatly lessens the chances of inter¬ 
ruption by short circuit but, as is well-known, it produces more 
surges for a longer time during an arcing ground than the 
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grounded-neutral system. Delta connection of transformers is 
used. 

The chief aim of this paper is to call attention to the improved 
operation obtained from isolating transformers on a non-grounded 
neutral^ system. Other attending factors affecting continuity 
of service are important and are receiving careful attention, 
but are not within the scope of this article. 


Localization of Abnormal Conditions 
The localization of disturbances caused by single-phase acci¬ 
dental grounds is a matter of great concern, especially in high- 
vo tage systems which extend over a large territory. A single 
defective insulator which grounds a phase affects the entire 
system which is metallically interconnected. Small or local 
electric storms often develop in one section and cause this hazard 
to service in every other section. When the storm is general 
the entire system is subjected to these abnormal conditions 
froin the time the storm enters the zone of electrical supply 
until It passes the remote sections supplied from branch lines, 
i he troubles are multiplied accordingly 

In the growth of these large interurban systems small power 
S not'TtTf“sulation of the line 

nowr i T together for interchange of 

multinlied^f trouble from accidental arcing ground is 

terns In ®^^ension of territory covered by the two sys- 

cases it is undesirable to use automatic 

tions onh* pXi ” ““‘^static condi. 

beXaXXlXed”* XfXf 

bd, eousry used, these transformers mav be either 1 to 
1 ratio or they may step down the cower tn a in-, ^ u ■ 

voltage and up a<4in to the tral , distributing 

the attending conditions. It is dSirable ^^^^ding to 

these stations where local dia;trihi+• •’ • to locate 

a section i« rn k , ^ service is required. Where 

a section is to be isolated bv this meanc: r.^ L . , vvnere 

comes in the use of standardVegulators for th ^^^antage 

voltage. This plan ofregulation ill be found to 

conditions at intermediate points and eli^nat It """" 

of supplyino- a oreat nnmK r i the necessity 

a great number of regulators for 

ities small commun- 
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With these isolating transformers the disturbance of an acci¬ 
dental arcing ground on one section is confined entirely to that 
section, and still power is transmitted without interference to 
and from all other sections as under normal conditions. 

On each section where an accidental arcing ground takes 
^ place the proper protective devices should be used to protect 
from abnormal voltages. The arcing ground suppressor has 
been recommended and used. It is not the object of this article 
to treat these details but simply to record the successful use of 
the isolating transformer which limits the disturbances to one 
part of a large system. 
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Discussiok on Studies in Lightning Protection on 4000 - 

Circuits (Roper), “Experience and Recent De- 

™ Central Station Protective Pea- 

‘Protection of High-Vol- 

(R?der By Isolating Transformers” 

(.KiDERj, Cleveland, Ohio, June 28 , 1916 . 

Of Mr. Roper's paper I will sav first tti^t T 

scale rf very 

arrec!tpr<f R^id better lightning 

Z^% acknoCedgf 

possible to choose between several factors oL^pcila 
arresters, and thereby in^provldtlrp^ 

Apparently, from the way in which Mr Roner ^ + j 

this paper, it was a very sirnnle affair Zl' T ^ ^ presented 

thousands of data which “has ?5 wi-p^ ! 

condition, and it required the highest sorT of ZZ 

to brmg some sort of order out o/this cW ^ A n 

onistic results were obtainf^^ ^ ■ . All sorts of antag- 

after Mr. Roper has analyz^ them andloM™^^® 
antagonistic, and he has Len able hi thtf^ 
certain parts and draw pro?e? inference from 

^'^^sBnply to point out certain fectmT^^TaT^ ^ 

by Mr. Pollard and Mr. Lawsn^—paper 

character. It is a record of progress with nf ^ different 

modest presentation of the subifpt “ V apparatus. The 
its importance. ^ gives an inadequate idea of 

the arcing groi^dsupSforfnttepr^^^^ 7* importance of 

tral. This discussioi by silence pounding the neu- 

interests, the telephone interestsTidthe®'^ 

terference between the pCer circufrs l;^^^ 

T^he interference, unfortunately f *^®^®^®P^o^.®oircuits. 

the telephone circuits have such a fm direction, since 

cannot m any way interfere with the nnw^°“* 

These are two bi<^ nuhhV d • • Po^i^er circuit. 

interested and whk Se want to see'su®''®'^ Z Rte all 

IS not one for the lawyeTbS- ol Problem 

engineers cannot get toother and engineers. If the 

minimize the effects of interference th?f^ ‘^OTie to 

o? this 

- as a third party fr the discussionTf\\'eTZe'o7?J^^^^^^^ 
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ground suppressor in avoiding interference-—gives hope that 
this interference may be eliminated in the future. There were 

^ where the telephone girls received very 

bad shocks from the heavy grounds that were induced in the 

telephone line, and we were looking for some method of avoid¬ 
ing them. 

* • greatest cause of interference and the widest spread of 
interference between power lines and telephone lines is due to 
electromagnetic induction. Electrostatic induction is very bad 
in the case of a telephone line being near the power line, for 
example, if it is placed underneath or on the same pole with the 
power circuit. However, by placing the telephone line on ad- 
jacent right of way, the electrostatic troubles are reduced to a 
negligible value which the telephone company can take care of 
without trouble. When, however, we take into account the 
e ectromagnetic troubles, it becomes almost impossible to pre¬ 
vent interference. Take this one case of the Public Service 
Electric ^ Company where the grounding current for the total 
system is only 60 amperes. The radius or distance over which 
60 amperes will influence the parallel telephone lines is rather 
small By grounding the neutral, however, that 60 amperes is 
turned into several thousand amperes, and the distance over 
which the electromagnetic force will influence the telephone 
lines IS greatly increased. 

One of the strongest factors in maintaining a non-grounded 
neutral system is by the use of the arcing ground suppressor, 
and if Mr. Osgood should speak on the subject, he could tell you 
a lot concerning the studies which they have made relative to 
t e interference, and the conclusions they have come to regarding 
the use of the non-grounded neutral. 

The suspension insulator problem is one which will probably 
not be solved for some time to come. I wish I had the time to 
note the relations of these big corporations to the solution of 
the problem. In the case of the Commonwealth Edison Com- 
takes a broad spirit to come to the conclusion that 
Mr. Roper gives in his paper—that with all the work that was 
done, that with all the thousands of dollars that were spent, the 
direct gam in the saving of dollars and cents was nil. The 
whole thing turns on the point that it gives better service. In 
the same way with regard to the investigations of the Public 

Service Corporation of New Jersey—the service has stood above 
everything else. 

When we come to the insulator problem, we have a number 
of comparatively small companies building insulators and redu¬ 
cing the price of the insulators at a time when a big corporation 
would have increased the price and put the difference into ex- 

is no saving today in having a cheap 
insulator. If the cost of the insulator could be increased fifty 
per cent, and it would do away with the line troubles, it would be 
a great saving to the transmission engineer, but it seems impos- 
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sible for the smaller concerns to get together and carry on such 

an investigation. - . .. i 

C. P. Steinmetz: Reverting for a moment to the individual 
papers, it is interesting and significant in Mr. Roper’s^paper to 
note the conclusion that although 100 per cent protection is not 
warranted because the cost of perfect protection is somewhat 
greater than the cost of repairing damage to transformers result¬ 
ing from less perfect protection, nevertheless, he introduced 
100 per cent protection as quickly as possible because reliability 
is the all-important question. Unfortunately, it is not every 
electrical system which takes that attitude; it is far from being 
the case. There are, indeed, many that have not reached the 
high standard which the world will demand in the future, but 
those which have adopted this standard include I may say, prac¬ 
tically all of those operating systems that are the descendants 
of the old Edison three-wire d-c. system. 

In Mr. Rider’s paper is another interesting and significant 
statement, namely, that the non-grounded delta system has 
been preferred. Now, there are many engineers, especially in 
the West, whose experience has been different, and who from 
their experience prefer a grounded Y system of transmission, 
but the explanation of this apparent difference of opinion is con¬ 
tained in Mr. Rider’s paper in the statement that one require¬ 
ment is at all times pre-eminent, namely, supplying continuous 
service over the three wires. It is brought out, as sharply as 
it can be, that the relation between the isolated delta and the 
grounded Y is that of reliability of service as compared with 
cheapness, and where it is desired, at the least investment, to 
get some kind of service, there the grounded wire has the ad¬ 
vantage, because with the line insulated to a lesser degree this 
system gives less trouble. But where reliability first is the 
predominant feature, as it must be in those great systems which 
really desire to change the statement, that the good and old 
reliable is not the electric light, but the tallow candle, there the 
isolated delta is used. 

The pre-eminent importance of a high degree of reliability is 
present throughout all the arguments of the three papers, and 
is substantiated to some extent, by experience in establishing 
and maintaining such reliability. It is in reality a great social 
problem involving the organizing of a universal power dis¬ 
tribution and supply by electricity, different phases of which 
are severally dealt with in these papers. 

^ Mr. Rider’s paper deals with one phase of it, that of country 
distribution; ^ Mr. Roper’s paper deals with another phase of 
it, that of city distribution, and the third paper deals with 
station control and system control. But when electrical engi¬ 
neering enters the field of taking over the universal power supply 
ot the comniunity, of the nation, they must then go beyond the 
old conception of trying to organize so as, with the minimum 
possible investment, to get the maximum immediate returns, 
because as soon as the\^ undertake a universal problem, a social 
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duty also devolves upon them, the duty of giving satisfaction 

CO 8.11. 

_ Then also comes in the probleni of not interfering with other 
lines, with the telephone, etc., and in taking all those precautions 
that will safeguard life and at the same time give maximum 
reliability, in short, a conception of organizing the system so 
^ it will be a benefit to all and a harm to none. That is the 
lundamental requirement which is before us, and which must 
be the universal conception and practise before we can expect 

electric power to be used as the universal agent of the world’s 
energy supply. 

In closing, I wish to add only one feature to the general dis¬ 
cussion dealing with protective devices, provided against abnor- 
rnal voltage, abnormal current, abnormal frequency, etc., and 
that is, to mention a further protection against troubles which are 
encountered, notin the experience with those systems which have 
been considered today, but rather in other S 3 ^stems, in smaller 
systems, where economy of installation has predominated, and 
economy of operation has followed. The troubles to which I 
refer, the sources of man^^ mysterious interferences with relia¬ 
bility, are carelessness and dirt. 

A ^switch is opened by some assistant operator by mistake, 
and is immediately thrown in again, before this is noticed. The 
synchronous apparatus has fallen out of step, or otherwise 
flashes over, and a mysterious accident has to be investigated 
by^ writing theories on high frequency, etc. Or a high-voltage 
switch bushing, gradually becoming covered with dust and dirt,' 
is located near a window; the window is left open admitting 
moisture laden air, which condenses on the dirt and a flash-over 
results; the lightning arrester does not discharge, and the trans¬ 
former is burned up by a short circuit. Then an investigation 
shows by factory test that it requires more than three times 
normal voltage to flash-over that bushing, hence, there was high 
voltage present. The lightning arrester did not discharge, al¬ 
though only a short distance away, and that means that this 
high voltage was of such extremely high frequency as not to 
reach and discharge from the lightning arrester. It results often 
in a general lack of confidence and uneasiness on the part of the 
operating staff. 

Such things can be avoided only by automatic recording de¬ 
vices which would have shown there was no abnormal voltage 
and no high frequency present, that the accident started with 
a short circuit at the bushing, and therefore the bushing was in 
such condition that normal voltage and normal frequency went 
over it. In the other instance that I mentioned, the automatic 
recording device showed that the switch was opened and im¬ 
mediately thrown in again, of which operation there was no 
record in the station report. 

^These instances illustrate what I want to bring out—I do not 
wish to say there are no such things as high-frequency dis- 
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turbances, excessive voltage, etc. They are often present, and 
have shown themselves over and over again. They are the most 
frequent and serious causes of trouble in existence, but do not 
let us always jump to the conclusion that every trouble is due 
to some mysterious phenomenon; let us also keep in considera¬ 
tion of the fact that the human element and the fallibility of 
human nature are involved, which matter is a very frequent 
cause of trouble, against which there is no remedy except by ^ 
the use of automatic devices, that are not susceptible to human 
frailties or neglect, and will not forget to record immaterial 
incidents. 

P. H. Chase: In Messrs. Pollard and Lawson’s paper a 
brief mention is made of the split or divided-conductor 
principle in its relation to ideal relay protection of transmission 
circuits. I wish to bring out a few points in connection with the 
methods used in the application of this principle. 

What may be called the individual differential or balance 
method has been used for some time for the protection of trans¬ 
formers, generators and cables in order to secure perfect selective 
disconnection of faulty equipment from the system, in the mini¬ 
mum time. This is accomplished by entirely separating the 
means used for protecting each part, from the means used for 
protecting any other part of the system, thus making the dis¬ 
connection of the faulty part contingent only on predetermined 
conditions within itself. 


This method of protection has been utilized to a great extent 
in England to allow the operation of the transmission system 
as a true network, which is the only way a transmission system 
covering a^ large area can be economically constructed and 
operated with the minimum liability to interruption. An inter¬ 
connected system can be operated with a fair degree of freedom 
from interruption by the use of time-limit relays of various 
kinds, but this protection at best falls far short of that obtained 
by the use of the individual differential or balance principle, 
and IS further impaired because, particularly on a large system, 
the operating combinations are continually changing. As is 
outhned in this paper, apparatus nowadays does not require the 
pr^ection, but the integrity of the service demands it. 

a somew^hat widespread impression, the individual 
ciirterential or^ balance method of protection does not involve 
a net increase in cost, considering both investment and operating 
cost, when applied to a transmission system. An interconnected 
ne wor allows the greatest utilization of the transmission copper 
at ail tunes by decreasing power losses and maintaining voltage. 
Also such consolidation allows the greatest possible utilization 

nf connected to the system, 

and of the diversity factors of the loads in different areas. With 

substation may have several 

fome? particularly of static trans- 

tormer substations, the operating force may be decreased, or 
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even eliminated, as there will be automatic selective discon¬ 
nection of any faulty supply circuit without an interruption of 
service to that substation. These considerations, it is evident, 
may greatly overbalance the consideration of a possible greater 
investment in transmission lines and equipment. 

The individual differential or balance method of protection 
may be applied to transmission circuits by: 

1. Running external pilot wires for each line or cable. This 
method is mainly applicable to short underground circuits. 

2. Pairing two lines or cables which have the same destina¬ 
tion, and operating them regularly as one circuit, disconnecting 
it only in case of failure of either line or cable. This method is 
applicable particularly where existing circuits are to be paired.. 

3. Dividing each conductor into two parts, which normally 
carry equal currents. This method is applicable to new cables 
which are usually called “split-conductor” or “divided con¬ 
ductor” cables. 

With particular reference to the split-conductor cable, the 
means of protection consist essentially of a differential current 
transformer (or its equivalent) for each phase, the current trans¬ 
former having two opposed primary windings and one secondary 
winding, connected to a simple instantaneous overload relay, 
at each end of the circuit. One primary winding is connected 
in each split to give balance normally. However, end faults and 
mechanical and electrical limitations in the insulation between 
splits, complicate the proposition. 

In case there is a fault near the far end of a split-conductor 
cable, the relay at that end will operate due to relative reversal, 
and disconnect the cable; the relay at the other end evidently 
will not be affected unless there is sufficient vectorial unbalance 
between the currents in the two splits. This unbalance cannot be 
sufficient unless the impedances of the two paths to the fault are 
considerably different, or the currents are very large, or the 
splits are separated at the far end with a split switch. With this 
limiting condition, the end fault, taken care of, faults at other 
points of the cable present no difficulty. 

The introduction of additional reactance results in the best 
solution, because any acquired unbalance with end faults can 
be readily obtained at low values of current. The use of a split 
switch results in high voltages between the splits, even under 
normal conditions, and full voltage under fault conditions. The 
insulation between splits must necessarily be relatively small 
ill order to keep down the size and cost of the cable, therefore, 
these voltages must be avoided so far as possible. 

A further protection may be obtained with reactance, that of 
insuring against the loss of individual differential or balance 
protection which might result from a fault between splits of one 
conductor. The chances of such a fault may be remote, but can 
be simply guarded against without accompanying disadvantage. 

This arrangement of the reactance is called an “end” or “selec- 
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tor” reactance, and consists of one small iron core reactance 
in each split, a total of three reactances being at each end of the 
cable, which cause the necessary unbalancing between the cur¬ 
rents in the _two splits with an end fault. From the one-line 
connection diagram in the figure it will be noted that with an end 
fault the split currents from the far end are unbalanced because 
in one current path there is no additional reactance, while in 
the other there are two additional reactances. 

Under normal conditions each split will carry equal currents, 
and also there will be a voltage between the splits equal to the 
drop across one of these reactances, which will cause unequal 
currents to flow in the splits in case of a split fault. Therefore, 
the cable will be disconnected in case there is a ground, a phase 




r = Resistance per Split, Ohms. 
x = Reactance per Split, Ohms. 

Xi = Reactance Coil at each End, Ohms. 

Ii'Current from A to Fault in Faulty Split. 

1 2 = Current from A to Fault in other Split. 
k = Percent Vectorial unbalance between li & I. ( ■ 
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sulation, the 60-cycle reactance factor is about 0.85. The usual 
values of reactance factors should range from 0.4 to 0.9 at 60 cycles, 
the larger cables having the greater factor. For all practical pur¬ 
poses it is evident that 25-cycle cables can be considered to have 
zero reactance. These curves give a ready means of determining 
the values of end reactance to use for any desired combination. 

Tlie differential current transformers should have a close 
l)alance between the primary windings, an allowable^ un- 
l:)aiance of not more than 0.1 per cent being a desirable amount, 
also the end reactances should have closely similar saturation 
curves in order not to disturb the inherent balance between the 
splits at all current values. The splits are transposed in present 
American practise near the middle of the cable only, but ad¬ 
ditional trans])ositions may be made to keep the balance between 
the s|:)lits witliin 0.1 per cent, liiis value is not difficult to obtain 
with present methods of cable construction. 

''riie iin})ortance of close balance is evident when one considers 
the condition of a tlirough fault witli a split-conductor cable 
feeding short-circuit current to it. The value of this current may 
1)6 as great as thirty times normal. With an inherent unbalance 
l)etween the splits of 0.1 per cent and an additive unbalance in 
the differential current transformers of 0.1 per cent, the total 
unl)alance will become 6 i)er cent with thirty times normal cur¬ 
rent flowing, ^riiis unl:)alance naturally must be a safe amount 
less tliari tliat for which the relay will operate, in order to prevent 
disconnection of the cable. 

J. T. Lawson: I would like to call attention to the table 
headed ‘ff dassification Troubles.” This heading is incorrect and 
should read “Classification of Interruptions.” The table is not 
a classification of troul:)les of the Public wService Electric 
Coinpany, but a list of tlie interruptions which we were unable 
to protect against. 

Particular attention sliould be given to the cable failures. 
As you will see, the cable failures in 1915 have gone up and these 
failures include tliose mentioned by Mr. Pollard; namely, the 
short circuits between phases. 

vShort circuits between phases in our system up to this time 
had been very few in number, most of the failures being siiigle- 
];)hase grounds. 

The failures mentioned occurred on a certain set of circuits 
used as tie feeders on which feeder reactances had been installed 
at eacli end. 

We think the installation of feeder reactances at each end of 
these circuits may have had the effect of confining any high-vol¬ 
tage condition in these cahdes, thus causing the failure. 

Referring to Mx. Creighton's remarks in regard to interference 
of telephone systems by power lines, I would point out that the 
interference to the telephone system by an}^ apparatus which we 
might install would be a serious problem to a power company. 
Almost all the large power companies have load dispatchers or 
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system operators who are dependent for their efficient service 
on the use of the telephone, and any apparatus we might install 
in our stations which would interfere with the telephone service 
would seriously interfere with the service which the power com¬ 
pany could give by the load dispatcher as he is dependent on 
the proper working of the telephone wires. 

John B. Taylor: Referring first to Mr. Roper’s paper, I 

system is the four-wire three-phase, 2300/ 
4000-volt with neutral grounded, and this neutral fourth wire 
IS grounded at but one point,—the substation. How is the fourth 
wire regarded as a lightning risk? Is it provided with arresters? 

How are the grounds for lightning arresters made, and is the 
resistance tested initially or subsequently as a matter of routine? 
Regarding the transformer connection boards, which have 

impression from reading the paper 
nn removing them was adopted before the policy 

of 100 per cent protection.” This might mean if the 100 per 

instituted first, the connection board 
o appeared as the source of so much trouble. 

miSelf ?! Messrs. Pollard and Lawson, I must limit 

S tibl. “pf/ attention to what appears a discrepancy between 

mraSa^h. u r the statements in 
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shoWing yearly “cabfe failures p”er Sile •' ’fT”' 
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suppressors, or a combination of the two, but unless I misread 
the cable figures the record is not good. 

J. O. Montignani: The Rochester Railway & Light Company 
operates outside of its direct-current district a three-phase, four- 
wire, 4150-volt grounded neutral distributing system, having 
a total wire length of about 1200 miles, 300 miles of which is 
underground. We have about 1800 transformers connected 
to our lines, with a total capacity of 17,000 kilowatts. Previous 
to the year 1911, we relied for protection against lightning upon 
multi-gap arresters placed at approximately one-half mile inter¬ 
vals on the more exposed lines. Not only was this quite in¬ 
adequate protection, but the arresters themselves proved to be 
a prolific source of trouble and after most lightning storms we 
usually found it necessary to go out and gather up the charred 
fragments of a number of arresters. Invariably in burning up, 
the arresters fused the line wires connected to them, causing 
very serious interruptions to the service. 

During the summer of 1911, when we first began to keep 
systematic records of our lightning troubles, we lost 99 trans¬ 
formers in thirty-one thunderstorms, being 6.1 per cent of the 
total transformers then installed. This alarming record decided 
us to remove all multi-gap arresters from our lines and install 
outdoor-type electrolytic arresters at exposed parts of the system, 
and at important junction points on the feeders. This was ac¬ 
complished in the spring of 1912, and resulted during the summer 
of that year in reducing our losses to 1.2 per cent with thirty- 
two thunderstorms. Since that time our annual losses have 
averaged about 1.5 per cent. That the change was economically 
justified is shown in the fact that basing our calculations on the 
reduction of transformer losses from 6.1 per cent to 1.5 per cent, 
the annual saving in transformers and estimated current sales 
amounts to a little over S2000, after allowing for interest, de¬ 
preciation, and maintenance of the arresters. We have not lost 
a single electrolytic arrester during the four years they have 
been in operation, and that they are draining our lines of many 
severe lightning disturbances is well proven by observations 
we have made. 

As compared with the Chicago’ system, our transformer losses 
are still v^ry high, but the cost of electrolytic arresters would 
make prohibitive much further extension of that type of pro¬ 
tection. On the other hand, we have got to be satisfied that the 
installation of a large number of less expensive arresters is not 
going to introduce greater risk of service interruptions due to 
their burning up, even though the loss of transformers is reduced 
thereby. Mr. Roper makes no mention of the number of arrest¬ 
ers destroyed annually, and I would like to inquire if he has any 
record of such loss and consequent interruptions of service. I 
have spoken with several central station engineers whose ex¬ 
periences have led them to disagree with Mr. Roper’s statement 
that: 
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Modern types of arresters comply with the specification 
that a protective device must be less subject to troubles than 
the apparatus which it protects.” 

The results obtained in Chicago by removing the terminal 
boards from transformers are very interesting and show con- 
dusively that this is a most vulnerable point of the transformer. 
Our experience in Rochester has been that about 50 per cent of 
transformers damaged by lightning have had the primary leads 
burned off due to flashing-over at the terminal board. It would 
seem however, that inasmuch as the terminal board serves the 
useful purpose of supporting and separating the leads as well 
as facilitating changes in connections, a remedy for its lightning 
troubles might be found by redesigning terminal boards to pro¬ 
vide greater dielectric strength. ^ 

Schuchardt: Too much emphasis cannot be given to 
the words of caution which have already been spoken with ref¬ 
erence to interpreting information based on experience One 
must a ways keep in mind the essential details o/the system oir 
made obtained. For instance, reference is 

trouble TV V cell arrester reducing cable 

S S ; ^ reduction IS undoubtedly due to the fact that a part 

nLw consists of overhead sections con- 

made t ^ cables. A few years ago Dr. Creighton 

Mm 'a study of the Commonwealth Edison Corn- 

ground entirely under 

fvStem’ whicf mlS?®b t on in that 

arresters The i ^ S'VOided by the use of aluminum cell 

nS'iuJtified'^n ^™e was that we 

were not justified in installing such arresters. 

coSlicateT''*i° dn°n^® rather unduly 

series arfSate^ ^ flexibility of the old 

eve?vie?sunplvinfa"®f 7 “ ^ high-tension generating station 
iVlS fn ^ 7"^®“ extensive as this, 

thaf * * J 7- ™ reference to Mr. Rider’s naner 

to to the kind of system’ 

doubtedly,^'7mIn?\aLs^^?^- isolating transformer. Un¬ 
step-down’transformers inust ^be u7d’ 7 ^ where 

step-down and theT^to s77u J advisable to 

tion and also the addition^ adraSa^e getting the isola- 

going line. Or where aii existina ^ regulation on the out- 
struction, is purchased and it if dfs1red^7^^® inferior con- 

system, an isolating transforiier mSf b^ r 

reconstruction of the line- but it be preferable to wholesale 

a general panacea £ t“e t'Si 

tiTuU^ SSh^plfoatSlnS ?” “““ -aen^S 

j tinjiersfeld. I would like tn n-fTAf ^ j r 
against over standardization T otter a word of caution 

. aaraization. I refer particularly to Mr. Roper’s 
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That development and investigation in Chicago cost us, 
tihousands of dollars, but many times tens of thousands of 
olollo^rs. The conditions there were such that we felt, however. 


this particular expenditure of money in that direction would 
^ ^ niore in the way of further improving the service than if it 
spent in some other direction. The thing wTich was good 
eia^-ixieering in that case may not be good engineering in some other 

In fact, similar large refinements in service in other com- 
tinxxnities in that general section of the country might be unde¬ 
nt I'SL'ble. It is an old saying that 3 ^ou must cut your coat according 
t o your cloth, and the coat must fit the individual. The trim- 


on this coat of electric service must fit the community 


^sox'ved. In this case it was considered better to put a little 
"iinoi'e quality in the electric coat than to decrease the price. 

I xnaany other communities that condition might not prevail, 
that point should therefore be emphasized. 

Il>a.wid B. Rushmore The report which we have heard gives 
vis; tile result of a scientific examination of operating conditions. 
"^Pliis is a great advance over anything which we have had in the 
1 >aLst and offers great promise for future study. In order to make 
^tm investigation thoroughly scientific, the factors must be known 
C| xxnntitatively as well as qualitatively. This means that sometime 
in tlie future we must understand the quality and magnitude 
of hlie lightning disturbances involved. 

AVith all its disastrous results, it is interesting to know that 
li^lntiling is of some benefit. It is estimated that at least one 
lix-tncired million tons a year of nitric acid are formed by the 
lilg’litning discharges, and this is carried to the earth by the ac- 
oo-mpan^dng rain. On this source we are very largely dependent ' 
fo-r tlie supph^ of nitric acid which is such an important part of 
tlio food of vegetable life and, indirectly, of animals. 

W. Roper: We do not use the neutral wire for overhead 
lig^htning protection. Our neutral is grounded at each sub- 
H tstf ion. At each transformer where an arrester is installed on 


tli o outer wire, an arrester is also installed on the neutral wire. 
A. g'lround rod is used for the ground connection. In Chicago, 
thioire is no difficulty in securing good grounds as the water level 
is only a few feet below the ground level. 

Tlie load in Chicago on the underground cables does not 
oiDOirate quite as well as the figures given by Mr. Taylor would 
soom to indicate, but excluding burnouts due to external causes, 
sxxcli as a pick being driven into a cable or some other similar 
cli stiiurbance, the faults in the 9000-volt cable average from two 


to four per hundred miles per year. 

INT. S. Diamant: I would just like to touch on the question 
<>£ sxidden short circuits. The authors speak of ‘‘the maximum 
slu-Oirt-circuit current” that will flow into a fault, and they give 
curves of Fig. 4 to further illustrate this point. Now, I take 
by “maximum khort-circuit current”, in-per cent of the full- 
loa.ci current, the authors wish to refer to the most unfavorable 
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possible which will take place if the sudden short circuit 

would ha™ SLT‘o'® *■'* ''«>'•« it 

wouianave it the short circuit were to occur very nearlv At 

“SSTrWflt°H me—although it 

witrnVSmpinglkcr^T^^^ ^mpin^mry taken 

S? S i -SfHl 

deir?y\hr?uthors'^thu°''' should have been made 

the connectioTi !!f ft to my interpretation of 

rush of currem alternators under consideration, the 

„!iii ourrerit with 5 per cent tie-bus reactance ner generator 

m her f'fl ¥ 

Srlv for condition of no damping. Sim- 

the other points of the curves. ^ 

H. Mouradian (communicated after adjournment')- Mr 
Roper s contribution appears to be the first published renorfof 

‘thfS‘r p“obSn. Cn- 

fL“ in the laboratory), where it 

tion. Pi'oblem must receive its ultimate so’lu- 

condfcted by TL^Btil^Tp? similar lines, has been 

vS s\pSL‘°t‘F 

a"T&^' S" rF ?tero'f ^“Lla' 

fully protected by means of oFircocF ^^ 

500,000 telephone stations. ^ 

thi^Lte''coUe?ted by tL^'Su TefenW ^nd 

IwSreSct ®'' «'>1 observXZ 

ovik“.°SYhe“;es?oflh?(a"a^"ef”^^^ 

our eaperienca. I„ the wStenZlt rfthe s)aS S ?“* !’>' 

the number of substation arr^QW ^ 

maximum of 11,594 operations in y^nied from a 

operations in 1915 a vSfnn /F r ^ minimum of 2962 

mately 400 per cent no ch^ino-A of approxi- 

the tv-nA a-f u 4 - x- ’ change whatever having been made in 

ih the meantime.*® " 
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through observations covering a large area carried out over a 
considerable number of years, will it be possible to secure relia¬ 
ble data, Our experience to date has been such that the writer 
can unqualifiedly endorse Mr. Roper’s conclusion 12, to the 
effect—“Great care should be used in attempting to draw gen¬ 
eral conclusions from the experience obtained from a few arresters 
or during a single season, or from a limited area.” It seems best 
to make no changes in the protection practises in a given area, 
and to carry out the work of observation for possibly five or six 
years before drawing final conclusions. 

In reference to the two other methods of observation indicated 
in Mr. Roper’s paper, first, the study of the trouble caused by 
lightning in relation to the number of lightning storms, and, 
second, the study of the relation of fuse troubles to transformer 
burnouts,—we have found the first mentioned method very 
unpromising in our work. As regards the second method,_ our 
experience with fuse operations, as compared with other light¬ 
ning troubles, is that the fuse operations appear ’to bear a closer 
relation to the intensity of lightning storms than other types of 
troubles caused by lightning, such as breakdowns in insulation, 
particularly in telephone work where practically no power current 
will follow the path of the lightning current. 

The writer would like to suggest that Mr. Roper is probably 
incorrect in his deduction in section IX of his paper, “Increasing 
the Size of Transformer Primary Fuses,” that increasing the 
size of fuses from five amperes to twenty-five amperes would not 
materially change the number of fuse operations. 

One other point of similarity, which may or may not be 
accidental, is in reference to the reduction in fuse operations 
in 1915 as compared with the fuse operations in 1913, shown on 
Fig. 13 of Mr. Roper’s paper. In the state of Pennsylvania, the 
number of telephone substation fuse operations decreased from 
11,546 in 1913 to 4,975 in 1915, the fuse operations being inter¬ 
mediate (6,913) in 1914. There has been no change in our sub¬ 
station protection practises in the same interval of time. It 
is very possible, therefore that a large part of the reduction in 
fuses blown (to explain which reduction certain hypotheses 
have been made by Mr. Roper) may have been simply due to the 
difference in the character of the 1913 and 1915 lightning seasons. 
It may be of interest here to note that the telephone substation 
fuses in use, associated in series with the substations open-space 
cutouts, wired in ahead of these cutouts, viz., towards the line 
side, are rated as 10-ampere capacity. As pointed out by Mr. 
Roper the difficulty of reaching accurate conclusions is very 
great, and the observer has to be continuously on guard not to 
ascribe to improved practise what may be simply due to absence 
or difference in character of lightning. - 

The writer would also like to suggest that Mr. ^ Roper s last 
conclusion may be considerably in error, and that if Mr. Roper 
should continue his interesting experimental work, without fur- 
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ther clianges in the protection conditions of the 4,000--volt trans- 
lormers, the future may show a very material increase in the 
ratio of the percentage of transformer burnouts in the class A 
areas to the percentage of transformer burnouts in the class C 


worth referring to. It appears to the 
I'f Mr. Roper’s paper indicate, 

taVpti '^^^racter of the lightning seasons is not 

tn^rp increase in the ratio of arresters 

^on '^ith a larger percentage of 

?Kf indicated in Mr. Roper’s 

summary, probably as high as 50 per cent. This though is 

suggested by the study of Table VIII and Mr. Roper’s own 
statement, in regard to this same table, that “the perhnta-e of 

^ AnSrrhv “'^e-third of that in class d’’ 

T , r. study of Mr. Roper’s paper sucfests and 

about which the writer would like to secure Mr Roper's ooinMn 

STSnTnf S‘a»dpci„t 

not he materialJpubles from blown fuses would 

thfi'ncmS^hSf At .Taylor’s question concerning 

®^° ® troubles as indicated by the table will cai^ 

ta wTfill P”,“‘P P' -bietd o^eiS^ 

Slightly for the 25-cyck system ^ Thl IV fV increased 

cycle system is undoubtedly due to the fact T 

installed on this svste-m h 1- ® have not 

^^ThA 60 -cyclf sy£h^ apparatus to the extent 

in 1915.^^ tSs °we think'^^?!^ increased materially 

of feeder reactances on both end^s oAh?^tAf°J^® installation 
our City Dock Marion anrt Peed c* feeders connecting 

tion of these reactances th^ A SUtwns. Since the installa- 

changed from a single-phase faifureto grouS^ 

between phases. The maioritv n-F f?. ^ ^ breakdown 

occurred on the tie feedershoufnnh^^^wu ® ^^®^kiiowns has 

we are led to believe that reactances and 

must have snTr,o kJ! ■ installation of the reactances 

ust na\ e some beanng on the breakdowns reactances 
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MEGGER AND OTHER TESTS ON SUSPENSION 

INSULATORS 


BY F. L. HUNT 


Abstract of Paper 

This paper gives the results of megger tests made on disk 
insulators on a 66,000-volt transmission line in central Massa¬ 
chusetts after 2.5 years’ operation. In one lot of 4410 insulators 
tested 9.77 per cent tested less than 2000 megohms. The per¬ 
centage of failures in different positions in the string is given on 
both strain and suspension towers. The actual cost of making 
these tests under different conditions of weather and of service 
requirements is given per insulator on the line, per bad insulator 
and per tower. The cost per insulator on the line, of testing only, 
varied from 7.3 cents to 11 cents. ^ The cost of replacing bad 
insulators was 74.5 cents per bad insulator, not including the 
cost of the replacing insulator. 

Laboratory tests made on 30 of the bad insulators taken 
from the line showed that those which measured very low by 
the megger fail on 60-cycle tests much below spark-over value, 
while those with medium high resistance may reach flash-over 
value and then puncture within one minute. Some insulators 
which show infinite resistance by the megger,^ and which with¬ 
stand arc-over potential at 60 cycles, will fail under high-fre¬ 
quency test immediately. 


D uring the latter part of 1915, megger tests were made on 
all the insulators on one circuit, and part of the insulators 
on the other circuit, on nineteen miles of 66,000-volt, double 
circuit transmission line in central Massachusetts. These circuits 
are supported on galvanized steel towers, three wires to each cir¬ 
cuit spaced 10 ft. (3m.) apart vertically, the two circuits spaced 
18 ft. (5.4 m.) apart horizontally, the bottom wire 45 ft. (13.7 m.) 
from the ground, average span, 550 ft. (167.6 m.) 

The total number of insulators tested on this line was 4410. 
These were suspension type insulators hung with four per wire 
on suspension towers and five per wire on dead end towers. 
Numbering the insulators from 1 to 5, beginning at the cross arm, 
the number of failures in each position is shown in the following 
tabulation. 
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Unit number.. 

Total number. 

Total damaged..., 
Per cent damaged. 


Unit number. 

Total number. 

Total damaged.... 
Per cent damaged. 


1 

2 

3 

4 

. 486 

486 

486 

486 

50 

43 

47 

51 

10.28 

8.84 

9. 67 

10.-19 

Standard sus] 

Dension tow€ 

ms. 


1 

2 

3 

4 

495 

495 

495 

495 

61 

32 

47 

36 

12.32 

6.46 

9.49 

7. 27 


64 

13.16 


The above results seem to indicate that there was no logical 
relation between the number of failures of the insulators in 
any given position and their distance from the conductors. 

Cost of Tests 

It was necessary in testing these insulators to take one circuit 
a^ a time, so that all the towers had to be gone over twice. Of 
t e total number of 4410 insulators tested, there were 2430 dead 
end insulators, of which 255, or 10.5 per cent, were bad; and 1980 
suspension insulators, of which 176, or 8.9 per cent were bad, as 
indicated by megger tests above. 

A crew of three men was used in making the tests and twenty 
week days and twelve Sundays were consumed. 

w **■' transportation, 

on^hl 0» 180 towers and 

Mit on tl, fi TTl r “ P«t Pit- 

cult on the first 180 towers was $1.97. The cost per tower per 

the wh^ K ^^erage cost of 

9 6 cents and 

teLd at a t could be 

the 1 anation m cost per tower in the two parts of the ioh 
due almost entirelv to +v,a • P “ 

the first case ta.o Jit difference in weather conditions. In 

with frLt so SsTTh T ““ “Sidtitott were covered 

times hy rain, so that consfcartire” a^Lf 
tron of the testingincind.d most of th^unly ™? “ 

The total cost of replacing the 431 bad insulators was 97 

or 7. 3 cents per insulator on the line anh vl t ! 

uu me line and 74.5 cents per bad in- 
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-lator. The total labor cost of testing and replacing bad 
s'u.lators on the line was therefore 16.9 cents per insulator of 
c total number or $1.73 per bad insulator. This does not 
ver the cost of new insulators. If it had been necessary to 
ly for new insulators, the total cost per bad insulator would 
Lve been three times the original cost. 

These insulators were in use less than three years, having 
icn installed in the early part of 1913, put into operation in 
.ay, 1913, and tested in the latter part of 1915. 

A recent inquiry made from an insulator manufacturing 
xnpany brought out the fact that they would add 4 cents per 
sk to the price of the insulators in order to cover the cost to 
eiTi of putting their insulators through a high-frequency test 
Tore shipment. If such a test would have taken out the insu- 
bors that have failed during the first 2.5 years of operation, it 
otild appear that 4 cents additional in the initial price would 
Lve been a good investment, since the cost of testing and re- 
acing bad insulators has amounted to 16.9 cents per disk on 
e line. 

Another section of line of about the same length upon which 
siilators of a different design had been installed, was tested at 
cost of 7.3 cents per insulator, which is slightly less than the 
st per insulator in the first case. Due to the fact that both cir- 
its were tested at the same time, each tower had to be climbed 
.t once. The insulators in this second case showed less than 
.e per cent of failures and, on this account, it was not consid- 
sd. necessary to replace the bad insulators, since there was no 
se in which more than one bad insulator occurred in one string. 

LABORATORY TESTS 

To get definite information regarding the nature of the faults 
the insulators they were shipped to a laboratory where the 
lowing tests were made with the co-operation of Mr. E. E. F. 
eighton and Mr. P. E. Hosegood. 

The total number of insulators selected was 40. Thirty-five of 
ese were taken from the line and five were new insulators, 
venty-one measured below 10 megohms, eight measured 22 to 
megohms, one measured 220 megohms, five from the line 
iasured infinity, and the five new insulators measured infinity, 
tking up the total of 40. 

ITest 1. Eleven of the insulators which meggered below 10 
igohms had 60-cycle voltage gradually applied to them until 
3y punctured. Not one of them reached flash-over value. 
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The voltage was very gradually raised and the lowest puncture 
voltage was 22 kv., the highest was 52 kv., and the average of 
the 11 was 39 kv. 

Test 2 . Seven of the insulators which measured between 22 
and 52 megohms and the one measuring 220 megohms had arc- 
over voltage applied to them until they punctured. Four of 
them punctured immediately, 2 of them punctured in oiie 
second, one in four seconds, and one in thirty seconds. There is 
no relation between the megger readings and the time of puncture. 

TestS- In this test a constant voltage far below the arc-over 
value was applied until puncture occurred. Seven insulators 
measuring below 10 megohms were tested. The first five had 
applied to them 20 kv. They punctured in from one to thirty 
seconds. Two more were tested at 15 kv., one puncturing in 
one second, the other in six seconds. There is no consistency 
between the puncture voltage and the megger readings as suffi¬ 
ciently illustrated by the last test. In this test one of the insu¬ 
lators measured three megohms and the other below one megohm, 
but the higher resistance insulator took one second to puncture 
whereas the other insulator with lower resistance took six seconds 


to puncture. 

Test 4 . Spark-over voltage of 60 cycles was applied to the 

10 insulators which measured infinity. Three of these punctured 

in less than 45 seconds. This is 30 per cent loss on 60 cycles. 

Test 5 . The remaining seven insulators which had shown 

O.K. on a minute s test on 60 cycles at flash-over voltage, were 

next tested on the oscillator using a frequency of approximately 

200,000 cycles per second. Plash-over voltage only L applied^ 

Two of the seven punctured in less than one minute. This is 

again about 30 per cent of the insulators that were left. The 

remaimng five withstood super-spark potential of 120 kv. for 
10 seconds each. 

-f-u results of these tests are similar to others 

tJiat have been made and show, first, that insulators which 
measure very low will fail almost immediately on a 60-cycle 
test voltage much less than spark-over value. Insulators with 
medium high resistance may reach flash-over value of potential 
nd will puncture within a minute. Insulators of infinite megger 
^a*ng may have faults developed by the arc-over potential 
mthin one minute’s application. After the faulty insulators 

am fourb 

are tound by the oscillator. 
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EXPERIENCES IN TESTING PORCELAIN 


BY E. E. F. CREIGHTON 


Abstract of Paper 

. The paper gives the results of numerous experiences in test¬ 
ing porcelain insulators particularly in regard to porosity, absorp¬ 
tion of water, surface leakage and dielectric losses. Considerable 
energy is required to drive moisture out of a porous insulator and 
it has been found best to restrict the oscillator testing to dry 
porcelain, whereas the wetter the porcelain the more effective 
is the 60 -cycle test. 

T he following experiences in testing porcelain insulators 
and the resultant deductions are given as an addition to 
the development of the relating science and practise. 

For the present purposes the resistances of insulators may be 
classified as follows. 

1 . Distributed resistance due to water in pores. 

2 . Concentrated resistance due to water in cracks. 

3. Surface leakage (external). 

4. Dielectric losses (equivalent resistance). 

I—Distributed Internal Resistance 

Wet-process porcelains have been examined having a porosity 
much less than 0.01 of one per cent by weight. Dry-process 
porcelains have a usual porosity of 1 per cent to 2 per cent. The 
pores are fissures, visible to the naked eye if a stain is used to 
color them. These porcelains take up water rapidly simply by 
soaking an hour. As the porosity decreases the water meets more 
and more opposition to its entrance by the back pressure of the 
air entrapped in the pores. Under conditions easily reproducible 
in the laboratory a porous body covered with a liquid will re¬ 
main perfectly quiescent for a minute or two while the liquid is 
soaking in from every side. Finally the internal air pressure 
becomes great enough to break through the wall of water and a 
stream of bubbles will break forth. Where the porosity is very 
small the porcelain, soaked for months in a bath of water, refuses 
to take up the water. Still this same insulator on a transmission 
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circuit will take up sufficient water to reduce its internal leakage 
resistance to as low as 300 megohms. This difference in absorption 
is due to the changes in temperature. An increase in temperature 
causes an expansion of air which drives some of it out. Subse¬ 
quently it breathes in moist air and moisture. Each temperature 
change causes a deeper penetration until, by fractional distil¬ 
lation, there is a conducting path between surfaces. The necessary 
period in such a case may extend over several months. 

Such .slightly porous and wet insulators still retain some 
value as insulators but they are a menace since they will fail 
rapidly under an increase in potential. Such an increase may 
take place suddenly by the failure of another unit in series with 
it. 



Fig. 1 


A rare case of porosity was studied. Fig. 1 shows the relation 
of internal resistance and wattage loss, both relative to the time. 
On the application of 60-cycle potential, at flash-over value, the 
resistance gradually decreased from 380 megohms to zero in 
flve minutes. The wattage rose from 16 watts, slowly at first, 
then with a rapid increase as the water and porcelain were heated 
up by the ohmic loss R). At the end of 4.5 minutes the 

loss was 145 watts. At the end of 4.5 minutes the total energy 
given to the insulator was 14,000 joules. An unknown portion 
of this energy was radiated and conducted away during the four 
penods of interruption of potential test, to measure the ohmic 
resistance. Calculating the maximum possible temperature, from 
he energy loss and the specific heat, it must have been less than 
deg. cent, at the instant of puncture of the porcelain. The 
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estimated energy was 20,000 joules including the heat conducted 
and radiated away. A continuous application of potential would 
have shortened the period before puncture occurred. It is 
seldom that a porous insulator withstands application of flash- 
over potential for even one minute. 

With even distribution of moisture throughout the head of 
the insulator and taking 140 cu. cm. as the volume under stress, 

the average energy per cubic centimeter to cause puncture was 
approximately 143 joules. 

In testing such porcelain for porosity the methods which have 
been previously recommended are inadequate. The following 
precautions are taken to get greater accuracy. 

1 . Evacuation of the porcelain at a micron of pressure or less 
is carried on for about eight hours. 

2 . The air is removed from pure water by boiling and evacua¬ 
tion. 

3. Water is poured over the porcelain samples without break¬ 
ing the seal. 

4. Subsequently the seal is broken and the samples are allowed 
to soak a week in water. 

5. The surface of the samples is carefully and quickly dried 

and the weight taken. The error of weighing is not greater than 
1 in 100,000. 

On samples of low porosity this method may put five-fold more 
moisture in the pores than the method previously recommended. 

II —Concentrated Resistance 

Concentrated moisture in cracks or spots causes a rapid rise 
in temperature and consequently there lapses a brief period 
before puncture. A crack a mil wide (0.0025 cm.) 2 cm. long 
and 2 cm. deep would have a volume of 0.01 cu. cm. and the time 
to cause puncture at flash-over voltages might be no greater 
than 0.01 second, assuming the specific resistance of the water 
to be one million ohms. At any rate the period would be brief. 

As a rough method of analysis it may be assumed in general 
that insulators are porous which on measuring less than 600 
megohms, withstand for many seconds a potential nearly equal 
to flash-over value. On the contrary, insulators which puncture 
quickly are either cracked or possibly porous in a local spot. 

Ill— Surface Leakage 

The resistance to surface leakage will depend, evidently, on 
the thickness and nature of the deposited material on the surface 
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of the insulator. Using a thin layer of washed clay and varying 
the humidity, the curves of resistance versus humidity are 
given in Fig. 2. 

The following is a record of one insulator of several which 
were coated with dust (porcelain slip) and placed in a wooden 
box where the humidity was gradually increased to a high value 
and then decreased. The total period of test was 20 days. Sur¬ 
face resistance tests were made from time to time. Fig. 2 shows 
the relation of surface resistance to humidity in the box. Natur¬ 
ally there was a little lower resistance on increasing the humidity 
than on decreasing it due to the fact that the humidity was 
introduced by heating water in a receptacle placed underneath 
the box and connected to it by 
means of a tube. The variation 
in resistance on the up-curve 
and down-curve, however, is not 
very great except at extremely ^ 
high humidities where there is | 
comparatively little interest. | 

This curve may be considered § 
the extreme condition in dusty I 
countries where there is a long I 
dry season so far as rain is con- | 
cerned but where fogs and dews 
take place. If an insulator is in 
service, the leakages of current 
over the surface would give 
sufficient heating effect to pre¬ 
vent the lowering of the resist¬ 
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ance to the very low value obtained in these tests. These 

conditions might exist, however, where the line is out of service 
for testing purposes. 


^ Naturally the condensation of moisture on a surface of thi: 
kind depends on differences of temperature between the insulatoi 
surface and the surrounding atmosphere and also upon the humid' 
ity of the atmosphere. No attempt is made in the tests to take 
this factor into account but it is of course the condition whicl 
appears so prominently at sunrise. 

Increasing the size of an insulator does not necessarily in¬ 
crease Its resistance. On the contrary, the larger insulators 
due to their shapes, usually have a less surface resistance thar 
■ e smaller insulators, other things being equal. The tests 
correspond with the theoretical calculations. 




1916] 


CREIGHTON: TESTING PORCELAIN 


743 


A little salt or carbon added to the film of dust, lowers the 
surface resistance below the values given in Pig. 2 at the same 
degree of humidity. 

The following tests were made to determine how long it takes 
a dusty insulator to dry off. A large pin-type telephone insulator 
^ was coated with porcelain slip, containing no free acid or alkali. 
The resistance of the surface coating of clay was initially 88,000 
ohms. The insulator was allowed to stand in an atmosphere 
which had a humidity of 36 per cent and a temperature of 23 
deg. cent. The porcelain slip was at the same temperature as 
the room. After half an hour the moisture had sufficiently dried 
off the surface of the insulator to give 300 megohms resistance. 
At the end of another half-hour, making a total of one hour, 
the resistance had risen to 2000 megohms. ^ 

IV— Dielectric Losses 

The losses in solid porcelain, for intermittent wave trains, 
are negligible. The dielectric hysteresis of air is too small to 
measure. However, if the entrapped air in porcelain is strained 
beyond its electric strength it forms hot corona, which not only 
destroys its own dielectric strength but also damages the cell 
walls of porcelain which enclose it. 

The Practise of Testing with the Oscillator 

Factory practise calls for oscillator tests on the porcelain parts 
as they come from the furnace. The parts should not be par¬ 
tially immersed in water for the tests as is usually done in testing 
at 60 cycles. Caps and pins may be loosely applied to the por¬ 
celain, and the corona at high frec[uency will satisfactorily fill 
the intervening air spaces. The high frequency and the higher 
test voltage obtained in the oscillator method of testing finds, 
on an average, 8 per cent more faulty porcelain than the 60- 
cycle method. Occasionally where porcelain is only slightly 
porous and dry, it easily withstands the 60-cycle test and the 
oscillator has removed as much as 25 per cent of the number 
that have passed the 60-cycle test. The 60-cycle method be¬ 
comes more effective if the porcelain is porous and wet. For 
this reason in testing line insulators the oscillator as recommended 
in a previous paper must be somewhat modified. It is necessary 
to make the tests, first with 60 cycles to eliminate the wet porous 
insulators; then with high frequency to find the dry porous 
and otherwise weak ones. In applying the 60-cycle test, time 
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is saved by applying the voltage to all the disks o£ two strings 
simultaneously. 

It has been shown that the energy necessary to drive out the 
moisture in a porous insulator is considerable. The oscillator 
has extremely high power but the wave trains die out quickly. 
It is, therefore, necessary to restrict the oscillator to the testing 
of dry porcelain. The wetter the porcelain the more effective 
the 60-cycle test and the drier the porcelain the less effective 
the 60-cycle test and the more effective the oscillator test in 
detecting porous porcelain. Even if there were 100 oscillations 
in each wave train the potential would be applied only about 
1/20 of the time. In other words, the PR loss in the leakage 
of the insulator would be less than 1/20 of what it would be at 
60-cycles at the same voltage. Consequently it will take a 
much longer time to heat up the water in the pores of the por¬ 
celain than with an equal 60-cycle voltage. 
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A NEW METHOD OF GRADING SUSPENSION 

INSULATORS 


BY R. H. MARVIN 


Abstract of Paper 

Attention is drawn to the known disadvantages of the uneven 
distribution of voltage in long strings of disks. The general 
theory showing how the distribution is determined hy the various 
capacities of the units is given. It is shown how the" distribution 
can be improved by grading, or varying the internal capacity of 
the units. 

^ The proposed method of grading consists in placing flat metal 
rings on the insulator, around the cap and stud respectively, the 
porcelain disk being enlarged for this purpose. 

A simple method of measuring the voltage distribution is 
described using a single needle gap. 

The results of tests with and without grading are given, the 
graded strings showing a decidedly better distribution of voltage. * 


Introduction 


T he uneven distribution of voltage along a string of sus¬ 
pension insulators is well known. With a small number of 
units this feature is not serious, and scarcely justifies the com¬ 
plication and expense required to overcome it. But with an 
increasing number of units, the distribution becomes continually 
poorer. A limit is soon reached where additional units make 
no appreciable increase in the potential of flash-over. It is 
believed that any further increase in operating voltages will 
necessitate a consideration of this problem. 

In general, the unit next to the line has the largest proportion 
of the voltage across it, the succeeding units taking a smaller 
and smaller amount. This is unsatisfactory for two reasons; 
the units near the line have to stand an excessive strain, the 
units near the tower or grounded end have a lower voltage across 
them than is desirable for efficient service. 

A number of plans for improving the voltage distribution 
have been suggested. These all consist in varying the electri¬ 
cal characteristics of the successive units in a definite manner, 
and a string of insulators so arranged is said to be graded. The 
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Object of this paper is to describe a new method of grading 
and to show some results obtained with it 

the tSrenSTriaoiLtt^'ked 

insulator. P^nciples involved in grading a suspension 

Theory of Grading 

unSls'di’^^-^^'a t impressed voltage along a string of 

capacities involved groups of 

between flip a + j j: capacity through the porcelain 

internal canarit^ 
ana the e«h er 

objects, (3) The capacity 
from a metal fitting on one 
portion of the string to any 
other portion of the string. 

(4) The capacity between the 
metal fittings and the line 
wire. In theoretical discus¬ 
sions only the first two groups 
are usually considered, .but 
experiments indicate that the 
others have an appreciable 
effect. 

Considering the first three 
groups only, the capacitances 
in a string of units may be 
represented as in Pig. 1 .^ Por 
the sake of clearness, only tc,Tc' 

twfen the be- 

tween the various parts of 
the string are shown. ^ 

®'i>-rent to charge all the capacities 

No. 2 , has to 

uppy current to the succeeding Ci capacities’ but has a smaller 
number of C. and C 3 capacities to charge. Consequent^ 

lerefom ifTe 1 appears, 

A A neglect the Cs capacities, that No 7 the 

grounded umt, will have the inT,.oo+ 1 .. C ^ne 

canacities C ter,H u ^ ^ ^ voltage across it. The 

capacities C, tend, however, to make the voltage across the 
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middle unit the lowest, so that the total result is that one of 
of the units near the grounded end, and not the grounded unit, 
has the lowest voltage across it. This will be seen in the experi¬ 
mental curves to be described later. 

The principle of grading consists in varying the internal 
capacity Ci from unit to unit, so that the voltage across each 
unit is kept as nearly as possible the same. This means that the 
unit next to the line must have the greatest internal capacity. 
Cl, and successive units, decreasing amounts. 


Method of Grading Adopted 

To obtain the necessary variation in the capacity from cap 
to stud, the following plan was devised. Sheet metal rings are 
placed around the cap and stud where it is desired to increase 
the internal capacity. By varying the width of these rings, 
the capacity can be varied over a considerable range. Of course 
the external capacities C 2 and C 3 of the unit are also varied by 
this, but not in the same proportion as Ci. To secure a perfectly 




Fig. 2 


even distribution of voltage, it would be necessary to have each 
unit different, entailing great complication, and rendering manu¬ 
facture very difficult. It was therefore decided to make a com¬ 
promise, and divide the string into two, three or more groups, 
each group having different characteristics from the others. 

Fig. 2 shows three different sizes of units designed for use in 
a three group string. On account of the width of the metal 
rings, it is necessary to increase the diameter of the porcelain 
so as to give the correct flash-over voltage. The metal rings 
are stamped or spun out of sheet metal. They are held in place 
by the cap, and by the cement around the stud. A string would 
be composed of a certain number of A units next to the line, 
followed by a number of B units, while the rest of the string to 
the tower end would consist of the plain C units. 

Measurement of the Distribution of Voltage 

Before proceeding with the results obtained, it is advisable 
to give a brief description of the method of investigation. 
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It is evident that a flash-over test is useless as an indication 
of the strains at normal voltage, due to the equalizing effect of 
the corona preceding the spark. Some method must be used 
in which only the normal voltage is applied. Several very ingen¬ 
ious forms of potentiometers have been devised by Prof. Rvan 
for this purpose. Conditions, however, did not permit of using 
one of these, and the following method was therefore devised! 
While it cannot be considered an exact method due to several 
inherent sources of error, it is thought to be sufficiently accurate 
to give a satisfactory idea of the distribution. It has the advan¬ 
tage of being very sirnple, and requiring very little apparatus. 

sma ^ needle gap is provided having the minimum amount 
of metal in the parts in order to keep the. capacity as low as 
possible. Fig. 3 In our experiments the gap was about i in. 

La V ill succession 

and the total voltage across the string which_ 

causes the gap to go over is noted. The gap 

setting is kept the same throughout the test. 

See Fig. 4. The discharge across the gap is 

only the charging current of the insulators, and 

does not injure the needles, so 




3 







Fig. 4 


Needle gap 


that the same needles can be 
used throughout. In general, 
we wish to know what per¬ 
centage of the total voltage is 
impressed on each insulator, and 
the percentage of the voltage 

a. ^ ? convenient to base results on the line unit, 

all our work it showed the greatest voltage 

end Sflie'^rblrN'T tn' 

4 . 1 , “ ° ^ ground unit No n or 

^tota .™ber of nabs Let a' . spark voltage of needle gap. 

disch'argi acrossN™ i 2 1 “toee ^e string when gap 

bo across INOS. 1, 2, 3, etc., respectively. 

.-hmtoti'VoltCisV’**'^' across nnits Nos. 1, 2, 3, etc., 
that’acrMt'ttelinthnit^No “ * percent of 

pi 1: : ''”'‘*‘8* >eross each mnt. 

t e calculations can be arranged as in Table 1. 
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TABLE I. 


Unit 

No. 

V 

P 

P 

1 

v\ == -y 

pi = 100 

Pi = 100 Pi/S 

2 

Vi = yvi/Vi 

^2 = 100 Vi/Vi = 100 V1/V2 

Pi = 100 P2/S 

3 

Z '3 = v'Vi/Vs 

Pz = 100 vz/vi = 100 F 1 /F 3 

Pz == 100 Pz/S . 

4 

Vi = vVi/Vi 

Pi = 100 Vi/vi = 100 Vi/Vi 

Pi = 100 Pi/S 

n 

Vn^ V Vt/ T' 

p,,^ 100 vn/vi = 100 Vi/V^ 

Pn = 100 p^/S 


It will be noticed that if only percentages are required, it is 
unnecessary to know v', the gap voltage, and the second column 
may be omitted. 

The errors in the method are due to the capacity of the gap 
and its leads, and the possible effect of surrounding objects on 
the spark voltage of the gap. 


Results of Tests 

Experiments were made on strings of 15 units. The method 
used was to obtain the distribution on the ungraded units, and 
"then observe the change due to grading in various ways. For 
experimental purposes the effect of the metal rings was readily 
obtained by painting the porcelain with a conducting varnish. 
The string was placed outdoors to avoid the effect of the walls of 
the building. An iron pipe placed horizontally was used to 
represent the cross-arm, and the string of insulators was. sus¬ 
pended vertically from this, the lower end being about 10 ft. 
(3 m.) from the ground. A clamp was attached to the string, 
and held a metal pipe to represent the line wire. The frequency 
used was 60 cycles. 

Fig. 5 gives the results of tests on an ungraded string. Curve 
No. 1 shows the values of the percentage that the voltage on 
each unit is to that on the line unit. If the distribution of 
voltage were uniform a horizontal line at 100 per cent would be 
obtained instead of the drooping curve. No. 1. It will be seen 
that the lower portion of the curve is nearly horizontal and that 
the fourth unit from the grounded end has the lowest voltage 
across it. Curve No. 2 gives the distribution of voltage along 
the string in per cent of the total voltage. Each successive 
ordinate is obtained by adding the value of P for that unit to 
the preceding ordinate. A uniform distribution would give the 
dotted straight line, No. 3. 
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Fig. 6 shows similar curves for another type of ungraded unit. 
In this the internal capacity has a higher ratio to the external 
capacities. On this account the distribution of voltage is appre¬ 
ciably better, although far from ideal. 

Fig. 7 gives the result of grading the type of unit used in the 



Fig. 7 

1— Voltage across each unit in per cent of that across one nearest line 

2— Ideal distribution of voltage to ground along string 

3— Distribution of voltage to ground along string 


tests of Fig. 6. In this case the three units next to the line had 
the largest conducting disks, and a high internal capacity. The 
next five units had a somewhat smaller capacity. The last 
seven units had no coatings. Instead of uniform curves, the 
result is a broken line formed by joining the curves due to each 
group. Comparing this with Fig. 6, a great improvement is 
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evident. Curve 1 is greatly raised toward the horizontal, and 
curve 3 is nearer curve 2, which represents perfection. 

The efficiency of the lowest unit compared to the line unit 
has been brought from 23.5 per cent up to 46.5 per cent, or 
nearly doubled. This results in reducing the proportion of the 
total voltage on the line unit from 16.5 per cent to 11 per cent, 
a reduction of 27 per cent. 

Conclusion 

The experiments described in this paper are only preliminary 

and much further investigation is desirable. It is felt, however; 

that the results obtained indicate the value of this method of 

grading where the voltage is such as to require the use of many 
units. 
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Discussion on Megger and Other Tests on Suspension 
Insulators” (Hunt), “Experiences in Testing Por¬ 
celain Insulators” (Creighton), “A New Method of 
Grading Suspension Insulators” (Marvin), Cleveland 
Ohio, June 28, 1916, 

F. W. Peek, Jr. r I would like to say a word of warning on 
the danger of misinterpreting data, especially in regard to in¬ 
sulator testing. I have noticed that there is a great tendency 
to do this. For instance: The conclusion that a certain specified 
test is better than another test, and selects the good insulators 
from the bad, because a greater percentage of insulators are 
destroyed by that test, may be erroneous. It is, perhaps, best 
to take a practical example by way of illustration. 

It is bad practise to test any insulation up to within a few 
per cent of the breakdown voltage, as damage always results. 
The strength of a given thickness of any given kind of insulation 
in good condition will vary from the average 5 to 10 per cent 
plus or minus on account of structural differences, etc. For 
instance, the strength of a given thickness of porcelain in good 
condition which averages 100 kv. may vary, for different pieces, 
from 90 to 110 kv. If this porcelain is arranged in insulators 
with a flash-over voltage of 100 kv. 60-cycle, and tested at 60 
cycles until flash-over takes place, the failure will be about 
50 per cent. This follows from the fact that the strength of 
about 50 per cent of this insulation is below 100 kv. The high- 
frequency flash-over voltage is higher than the 60-cycle flash- 
over voltage.* Thus, if high frequency is employed so that it 
is possible to apply a higher voltage, or 105 kv., before arc- 
over occurs, the percentage failure will be about 75 per cent. 
In the above test a greater loss will occur on good porcelain at 
high frequency than at 60 cycles. The action is not selective, 
much porcelain is destroyed, and that porcelain which passes 
will be damaged and much worse than if the tests were not made 
at all. The conclusion might be reached here that better insu¬ 
lators are being obtained because a greater number are being 
broken down. This is far from the actual fact for this particular 
case. A few bad pieces are being broken down, it is true, but 
much of the good porcelain is also being destroyed, and all of 
it is being damaged. This is an extreme case and the peculiar 
conditions obtain because the puncture voltage is so near the 
arc-over voltage, and an arc-over voltage test is specified. It 
is a bad test for this particular design. 

Naturally, this does not mean that this insulation should 
not be tested. It means that it should be tested at a voltage 
lower than the minimum voltage at which good porcelain of 
this particular thickness and shape will be damaged or broken 
down. Fortunately, the condition which exists for the above 

* “High-Frequency” Damped Oscillations. See P. W. Peek, Jr., ‘^the 
Effect of Transient Voltages on Dielectrics,” A. 1. E. E., Trans. Vol. 
XXXIV, 1915, p. 1857. 
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insulator does not obtain in most insulator tests, as the designs 
are usually such that the puncture voltages are much higher 
than the flash-over voltages. This should, in general, be the 
case, when the high-frequency test becomes useful. 

The high-frequency test has very important uses and also 
limitations. Its most important use is to locate cracks and 
flaws in insulators. It will not detect moisture as readily as 
the 60-cycle test. 

All of the tests in general use are devised for locating faults 
after they occur; they are successfully used for this purpose. 
There is much need of tests for anticipating deterioration at 
the factory in order to eliminate the great expense of testing 
and changing insulators after a year or so of service. The so- 
called deterioration of porcelain is due to two main causes— 
gradual absorption of moisture by porus porcelain, and gradual 
cracking due to mechanical stress of poor design, cement, firing, 
etc. Failures often result only after several years of service. 
There is no volatge^ test in use at present that will anticipate 
in the factory conditions which will later cause failure on the 
lines ^ by absorption and cracking. Such conditions may be 
anticipated, not by high voltage, but by absorption tests, and 
such mechanical tests as expansion and contraction, etc. 

Creighton: I am going to agree immediately with 
Mr. Peek on one point and get it out of the way, and that is 

electrical test known today that will eliminate 
all defective porcelain. Porcelains are porous from about 1 per 
cent dovm to perhaps 0.005 of 1 per cent, as far as we have 
been able to measure. We have not yet connected up the re- 
a ion between the test and the porosity, but we have this one 
very useful, practical result, that the test with the high-fre¬ 
quency oscillator in the factory, where the porcelains come 

J furnace, and where the oscillator is specially 

titted for the test, eliminates on the average about 8 per cent 
more porcelains than the 60-cycle test. 

wants to use the insulators is interested in 

The oscillator does not, 
Tiaii „ a e alphe bad ones out. There are some of very 
small porosity which may or may not develop later on into poor 

Siv^ratT J"/ absorbing moisture from the cement. Bu^ at 

from tl; application of the high frequency 

We hSe to 60-cycle test 

the bad suitable way before long of eliminating 

the bad insulators immediately after manufacture 

testMThl hiS-frm relation of the 60-cycle 

to insulators. ^ Taking ^p the ilHs tr^ion tha^ possible 

of an insulator which^s^ust abou^ 

In the case of the 60-cvol,l +ao+ i'f a , ue rest voltage, 

in the insulator at abLt iS Hlotdts th^ a 
neigiiDorhood. If the strength of the insulator is a little bit 
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below that, the insulator will fail. If the puncture voltage of 
the insulator is above, the insulator will probably be damaged 
by the test. The 60-cycle test will leave a certain number 
of defective insulators to be accepted and placed on the line, 
when the puncture voltage is only a small percentage above 
the flash-over voltage. 

Turning to the oscillator test, on that same insulator the 
oscillator test will subject it to 120 kilovolts or 130 kilovolts, 
and there, again, there will be some insulators which will be 
ready to break down at that potential, which will not quite 
break down in the time of application, and they will go through 
as defective insulators, but after they have gone through as 
defective insulators, they still have a factor of 30 per cent above 
their flash-over value, and therefore, from the operating man's 
standpoint, they are a better insulator than those which barely 
pass the flash-over test at 60 cycles. 

I think that is the answer to the criticism of applying voltages 
which might damage the insulators. The solution of the 
problem is to make the insulator so perfect that it will have 
the proper design and will be made of the proper porcelaip. to 
have a factor of safety over, say, the 130 kilovolts of applied 
potential. 

As a result of a comparison between the two tests, the 60- 
cycle and the high-frequency test, in our factory we have given 
up entirely the 60-cycle test and replaced it with the high- 
frequency test. Some of the more recent results, especially 
those obtained by Mr. Hunt, may make it expedient to 
^Pply both the 60-cycle and the high-frequency test to the 
finished insulators. 
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ILLUMINATION OF THE PANAMA-PACIFIC INTER¬ 
NATIONAL EXPOSITION 


BY W. D’a. RYAN 


Abstract of Paper 

In this paper the author, who was Chief of Illumination for 
the Panama-Pacific International Exposition in San Francisco, 
describes the system of lighting adopted for the Exposition, 
which was generally conceded to have initiated a new era in the 
art of illumination. From a narrow engineering point of view 
the lighting would have been regarded as inefficient, but- the 
object striven for was to suppress high intrinsic brilliancy, while 
bringing out the architectural beauties of the Exposition struc¬ 
tures in the most effective manner, bathed in a harmony of color. 
Many beautiful effects were obtained by the various installations 
which are described, and one of the most original features was the 
successful effort to preserve the curvature and detail in relief by 
the use of lights of different strengths and colors thrown from 
different or opposite directions upon the same object. 


n ^HE illumination of the Panama-Pacific International Ex- 
^ position was finally classed by the International Jury of 
Awards as a ^^decorative art^’, largely because it appealed to the 
imagination and feelings of the masses, and carried a message 
much the same as painting or music, as demonstrated by the 
happy enticing effect of the heraldic banners on the Avenue of 
Progress, the deep mystery in the Court of Abundance, the 
grandeur and uplifting effect of the great candle-fountains in 
the Court of the Universe, the quiet peaceful illumination in 
the Court of the Four Seasons and on the Palace of Fine Arts, 
the Alladin dreams and fairy-like suggestions of the illuminated 
towers, flags, reflections and other features which made up the 
lighting as viewed from the South Gardens. 

In this connection I wish to quote Edwin Markham’s impres¬ 
sions gained on try-out night, February 15, 1915: 

^^I have tonight seen the greatest revelation of beauty that was 
ever seen on the earth. I may say this, meaning it literally 
and with full regard for all that is known of ancient art and archi¬ 
tecture, and all that the modern world has heretofore seen of 

Manuscript of- this paper was received July 24, 1916. 

Note: The colored illustrations for this paper were supplied through 
the courtesy of the Schenectady Section of the American Institute of 
Electrical Engineers. 
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glory and grandeur. I have seen beauty that will give the world 
new standards of art and a joy in loveliness never before reached. 
This is what I have seen—the courts and buildings of the Panama- 
Pacific Exposition illuminated at night.” 

The illumination of the Exposition was based on developments 
of the science of lighting, and represents results of personal 
experience in this field extending over a period of twenty years. 

The lighting for the Exposition was completely designed in the 
latter part of 1912 and every • feature was carefully calculated, 
as there was practically no opportunity for trial, owing to the 
radical nature of the scheme and scope. The buildings of pre¬ 
vious expositions had in the main been used as a background 
upon which to display lamps. The art of incandescent out¬ 
lining, notably the beautiful effects obtained at the Pan-Ameri¬ 
can Exposition at Buffalo, could probably not be improved 
upon, and furthermore, this form of lighting had been extended 
to amusement parks throughout the world and had become 
commonplace. Its principal disadvantages were the diminution 
of artistic effectiveness at close range, similarity in effects from 
different view-points, the suppression or complete obliteration 
of architectural features, and the economic necessity of extensive 
untreated surfaces. Furthermore, the glare from so many ex¬ 
posed sources when assembled on white or light-colored buildings, 
caused severe eye strain. 


The lighting scheme and scope of the Panama-Pacific Inter¬ 
national Exposition called for a radical departure from previous 
practise. Incandescent outlining on the main group of palaces 
was avoided, and screened or masked flood and relief lighting to 
produce the third dimension or depth, substituted, and great 
care was exercised to preserve the architectural features and 
color, mth proper relative intensities. For the first time at an 
m ernational exposition, the illuminating sources, whether arcs, 
incandescent or ps, lost their identity as such. While a uniform 

2dlS throughout, each court possessed its 

rndnudual Jaractenstics with radical differences, and at the 

same time the transition from one effect to another was har¬ 
monious, even to the extent o., ^ waa 

effect on thp A n Tn ^ intermediate step or carnival 

main nrln f connecting the Zone and the 

main group of palaces. 

i^ho main- 

the riaifof LT'Tk nr attracted except by 

glare of exposed brilliant sources. The lighting of the Ex- 
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position, however, immediately disproved this theory and a 
strong psychological appeal was made by the highly artistic 
lighting effects. 

During the period elapsing between the Louisiana Purchase 
, Exposition and the Panama-Pacific International Exposition,, 
wonderful advances had been made in the efficiencies of all 
types of lighting units. This made it possible to illuminate in 
the main group of buildings, approximately 8,000,000 sq. ft. 
(743,200 sq. m.) of horizontal and vertical surfaces to an illumi¬ 
nation ranging from 1/10 to 1/4 of a foot-candle in the incidental 
gardens and roadways, from 1/4 to 3 foot-candles in the building’ 
facades and adjacent lawns and gardens, and from 5 to 15 foot- 
candles on the towers, flags and sculptural groups. The lighting 
load on the main group of buildings, including the window light¬ 
ing and the scintillator, was approximately 5000 kw. The total 
connected load for all purposes, including Zone, Foreign and 
State sections and exhibitors, for light and power, was 13,954 
kw., with a maximum peak of 8200 kw. and an average peak of 
7880 kw. During the Exposition period of approximately ten 
months, a total of 16,057,790 kw-hr. was purchased from the 
Pacific Gas and Electric Company. Of this amount, 5,582,906 
kw-hr. were sold to exhibitors and concessionaires, the remaining 
10,474,884 kw-hr. being used by the Exposition. 

While the lighting of the Exposition was primarily electric, 
all modern sources of intrinsic merit were used, and a number of 
excellent gas features were introduced. About four miles of 
streets in the Foreign and State sections were illuminated with 
Penn globe high-pressure gas “ arcs,'' in 20-in. (508-mm.) 
opal globes mounted with their centers about 16 ft. (4.9 m.) 
above the roadways on ornamental poles spaced approximately 
100 ft. (30.5 m.) apart, staggered. The same type of lamp was 
used for emergency lighting on the kiosks throughout the grounds. 
Five-mantle Humphrey gas ^^arcs" enclosed with ornamental 
lanterns were used in pairs on the standards in the Zone (amuse¬ 
ment section) and the same type of lamp, of smaller sizes, 
furnished emergency lighting at the gates and important exits 
from the main group of buildings. Gas flambeaux were intro¬ 
duced in the effects in the Court of Abundance and the North 
Approach. The total gas flow for the purposes mentioned was 
approximately 15,000 cu. ft. (425 cu. m.) per hour. The 
average amount of gas consumed daily at the Exposition for 
all purposes was 486,550 cu. ft. (13,780 cu. m.). The total 
amount purchased by the Exposition Company during the 
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Exposition period was 121,913,500 cu. ft. (3,452,590 cu. m). Of 
this amount only 25,101,496, cu. ft. (710,874 cu. ni.) was used by 
the Exposition Company, the remainder being sold to exhibitors 
and concessionaires. 

In order to obtain a harmonious illumination scheme, it was 
necessary to visualize the lighting as a w'hole, and to establish 
illumination and color values for every part of the Exposition 
before definite specifications for lighting equipment could be 
made. The preliminary tests and calculations on lighting units 
that had been selected for use at the Exposition were made at 
the Illuminating Engineering Laboratory. The work of calcula¬ 
tion was, greatly shortened and simplified by the use of various 


graphical charts, one of which, an illumination chart, is described 
by Mr. Frank A. Benford, Jr., in the Transactions of the 
Illuminating Engineering Society*. The lighting units were all 
new developments, in many cases used in new ways. This 
necessitated a vast amount of preliminary investigation which 
usually took the form of calculations of the illumination on the 
grounds, facades and towers. Prom these calculated values it 
was possible to determine if the selected lighting units were of 
the right size and were properly ■ arranged on the preliminary 
plans. As soon as any particular phase of the lighting was 
fully decided upon, the illumination and luminous flux values 
were calculated in all their minute details, so that long before 
he Exposition opened there were on hand complete sets of 
1 umination diagrams for all the various courts, buildings and 
ho"?® diagrams are illustrated by Figs. 7, 8, 

thi? lighting are described under 

Plates illustrated by the accompanying 


Lnminous Effects in Tower Illumination. This illumination 
consisted in flood-lighting the towers with a white ristea HeS 

by concealed coloS’Hafi^on tb illuminated 

ducing detail in shadl pr°- 

a luminous effect never before obtaiiv^d mL f structures 
illustrated the preserva.tion f a * “ towers further 

in light, which feature predominated thr^^ thmd dimension 
The Tower of Jewels warfiTa ? ^ Exposition. 

jectors located on the roofs Mtlfe mtin^.^"'^*®'''f 



Fig. 1—Novagems Mounted in Brass Holder 
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Fig 3—Spectra Produced by Sii^le Beam of Light 
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South Garden pavilions and the Scott Street entrance gate. 

In order to obtain the proper gradation of light with an economic 
distribution, it was necessary to equip the majority of the pro¬ 
jectors with properly designed diverging doors. A complete 
set of color screens at each projector enabled the changing o 
the color tone of the tower on very .short notice. The base 
section was necessarily carried in the same relative illumina,tion 
as the building facades. Above this section there was a rising 
illumination to approximately 20 foot-candles on the top ball. 
The average value for all levels was 10 foot-candles. ^ e 
shadows cast by the rising searchlight beams were illuminate 
by rose red relief lighting. At the top level there were four 
30-in. (762-mm.) arc projectors equipped with changeab e 
color screens for spectacular and heightening effects. T e win 
Italian towers at the entrances to the Courts of Palms and 

Flowers were lighted in a similar way. . . _ , 

“ Novagem" Jewels. “Novagem” jewels are scientifically cut 

glass of high index of refraction, made to imitate diamon s, 
Lies, sapphires, emeralds, etc. Each was mounted in a suspen¬ 
sion carrying a mirror at the apex of the stone, which increase 
the spectra approximately forty^ per cent. These jewe s were 
used to carry architectural lines in addition to being 
shields and other points. They were mounted in such a way that 
they were kept in motion by the wind, thereby adding actio 
to the effect when illuminated with projected light, which 
especially in the white stones, produced all the colors of t e 
Sctrum with unusual purity. 102,000 47-mm. diameter jewels 
we used on the Tower of Jewels, and about 4000, m s.ees from 
21 to 47 mm., were hung on the star heads of t le serap ic 
in the Court of the Universe. Fig. 1 shows one of the novage 
mounted in the brass holder. Fig. 2 illustrates the ^^^^ingj 
of the incident light passing through one of the 47-m . _ 

Fig. 3 is a reproduced from a photograph of the spectra prod 

by a single beam projected normal to ° Lmirror 

Fig. 3 a shows the increased spectra due to the use ;fl„ 

The following table gives the indices of refraction, spec 


Indices 1 

Specific gravity 

Weight, 47-m,in. I 

Yellow. 

White. 

piriV. 

.1.669 

.1.616 

.1.618 

3.925 

3.589 

3.595 

0.235 lb. avoir. 
0.2211b. 

0.216 1b. 

0.237 1b. 

0.234 1b. “ 1 

f? iiViir . ...... 

.1.618 

3.87 

Amethyst.. 

.1.616 

3.55 
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The Electric-Steam Color Scintillator, The scintillator consisted 
of combining searchlights in systematic drill in colored and white 
beams with smoke and steam, so as to produce spectacular 



effects or fireless fireworks, both aerial and on the ground, pos¬ 
sessing artistic color combinations and blendings impossible with 
ordinary fireworks. This was further enhanced by the running 
of a large express locomotive at high speed under brake so as to 








Fig. 5 — Cross Section of Electric Color Scintillator 

“hid, wereilluminated 

« 36 b i ? f'- ™ composed o 

36-m. (914-mm.) haad-oontrolled arc projectors They 
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were operated at nominal 110 volts, 110 amperes, and with the 
resistance consumed a total of 581 kw. The beam candle power 
of each was approximately 55,000,000, or an aggregate of 2,640,- 
000,000 for the battery. With the equipment of each pro¬ 
jector was a set of seven colored gelatine screens, treated with 
spar varnish and turpentine as a protection against moisture. 

These searchlights were located on the double deck pier on 
the north breakwater of the yacht harbor (Fig. 4), which was 
constructed as shown by the cross-section drawing (Fig. 5). 
Part of the space below the upper deck was used for housing the 
color screens, resistance boxes and distribution system, as well 
as a 250-kw. motor-generator set (see photographs) which sup¬ 
plied part of the power for the projectors. The remainder of 
the power necessary was taken from a 1000-kw. set located in 
the Palace of Liberal Arts. 

The locomotive, steam apparatus and fireworks mortars were 
located on the south breakwater of the yacht harbor (Fig. 6). 



o:^!i:f r6i[° In ii 


Feather Fire Works Mortar Set in Sand 


X 


X 


Fan 


Locomotive ^ Chromatic Wheel Fighting Serpents 


Fig. 6—Steam Section of Electric Steam Color Scintillator 


In addition to supplying the various steam effects such as plumes, 
chromatic wheels, fairy feathers, etc., this locomotive, which was 
a modern Southern Pacific oil-burning passenger type, was 
blocked up and locked so that the wheels could be driven at a 
speed of 60 miles (97 km.) per hour under brake. Thus 
great volumes of steam and smoke were produced, which, when 
illiminated with various colors, created a wonderful spectacle. 

Banner and Cartouche Lighting Standards. The banner stand¬ 
ards consisted primarily of anywhere from two to nine orna¬ 
mental luminous arcs mounted on 25- to 55-ft. (17- to 7.6-m.) 
shafts, the lamps being screened by banners in such a way that 
they flood-lighted the buildings, lawns, trees and shrubbery, and 
at the same time, the direct source was not visible in the main 
vistas. These banners, which formed decorations by day and 
beautiful spots of color by night, were hung so that they moved 
in the wind, adding action to the effect. At the same time, they 
were weighted and guided in such a manner that they did not 
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expose the source or become self-destructive by wli il . 
a matter of further interest, the history of Califom * 

Pacific ocean was written in the designs on the tlurff-, 
seven-light banners, by the use of the heraldic sliit-'l'i"' ' 
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mination of the exterior facades of the main group and furnished 
a basis for estimating the number of lamps required for general 
surface illumination. Fig. 8 shows a preliminary curve of foot- 
candle values calculated for the building facades within the 
Court of the Four Seasons. The photometric test values taken 
under operating conditions checked very closely with these 
original calculated values. 

The cartouche standard was of .he same order as the banner 
standards, except that painted translucent fabric was used in 
place of canvas, which was not free to move, being held rigidly 
in the cartouche. In addition to screening the direct light from 
the people, it created pleasing spots of polor in contrast with the 




FOOT-CANDLES 
VERTICAL SURFACE 
ILLUMINATION 


Fig. 8—Vertical vSurface Illumination—Court of the Four Seasons 

walls of the buildings and supplemented, with the banner stand¬ 
ards, the flag illumination or sky line effect. 

The flags on the buildings fronting on the Avenues of Palms 
and Progress were individually lighted by 13-in. (33-cm.) arc 
projectors, 100 units being used for this purpose. Economic 
reasons necessitated the designing of an incandescent projector 
for the lighting of the flags on the north and west walls and in 
the courts. This unit (Fig. 9) was constructed of an 11-in. 
(28-cm.) diameter parabolic mirror surrounded by a double 
row of small plain mirror panels which extended the parabola, 
thus increasing the efficiency. Two hundred projectors of this 
type with 500-watt mazda stereopticon lamps were used. 

Electric Kaleidoscope. The electric kaleidoscope was designed 
to create exterior effects on the glass dome of the Palace of Horti- 
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culture, such as revolving bars, rings and spots in astronomical 
movements or the dissolving of colors from one shade or tint to 
another, without a sharp line of demarcation. 

It consisted primarily of a battery of twelve 30-in. (762-mm.) 
arc projectors, arranged around a central structure as shown in 
the plan view, Fig. 10. The light from these twelve projectors 
passed through a common orifice in the top platform of the 
structure, at which point were located specially cut revolving 
interchangeable lenses. Before passing through the lenses the 
projected beams of light were intercepted by revolving color 
screens and shadow bars. Each one of these units was operated 
by an individual mechanism and independently of one another, 
as shown by the photographic and elevational view in Figs. 11 



and 12. The different types of lenses were made up in sets of 
four separate quadrants (Fig. 13), which permitted the use of 
any combination of lenses desired at the same time. With this 
flexibility of lens combinations, together with the interchangeable 
color screens and shadow bars, it was possible to obtain a variety 
of effects. 

N. B. The glass in the dome of the Palace of Horticulture 
was not in accordance with specifications. The results, while 
generally satisfactory, could not come up to anticipations, due 
to the lack of sufficient diffusion in the glass. 

Indirect Lighting for Large Auditoriums. This lighting is 
applicable to large auditoriums or large places where concealed 
lighting is desired, but where the dome or ceiling construction 
does not permit the use of it. The system consists of placing a 
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battery of searchlights beneath the main floor and concentrating 
the beams on a diffusing plate in a central screened opening for 
re-distribution to the ceiling. 

This was demonstrated by the installation in Festival Hall 
before the building was converted into a theater. Twelve 18-in. 
(457-mm.) projectors were used, giving a combined beam 
candle power of approximately 114,000,000. Inasmuch as a 



Fig.HO—Plan View of Electric Kaleidoscope—Palace of 

Horticulture 


large city sewer ran directly underneath the center of the build¬ 
ing, it was necessary to locate the projectors in respect to it, 
as shown in Figs. 14 and 15. Fig. 16 shows a preliminary cal¬ 
culated illumination curve for the ceiling and walls. 

Non-Glare Art Gallery Illumination, In the lighting of the 
Palace of Fine Arts a system was designed whereby the lamps 
were placed above the skylight and around the perimeter. By 
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the combination of a suitable angle reflector and the proper dif¬ 
fusion glass a good general distribution was obtained on the 
hanging surfaces, and specular reflection was further reduced 


Lens Rack 



Fig. 11—Elevation of Electric Color Kaleidoscope—Palace of 

Horticulture 


by the use of shadow curtains on the under side of the skylight. 
For economic reasons the shadow curtains were finally omitted* 
This system of lighting has considerable advantage over the 



Pig. 13 Lens Quadrants for Electric Kaleidoscope—Palace of 

Horticulture 


common practise of distributing lights generally over the sky¬ 
light, which produces strong specular reflection and also gives 
the greatest illumination on the floor in the center of the room, 
where it is least desired. 
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Fig. 12—Electric Color Kaleidoscope, Palace of Horticulture 
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High Bay Lighting, For the illumination of high bays, large 
units, singly or in pairs, were placed at the maximum height 
in special reflectors (Fig. 17), designed to prevent waste illumi- 



Figs. 14 and’15—-Plan of Indikect|Lighting—Festival Hall 

nation on vertical surfaces and obtain maximum intensity on 
the floor with relatively uniform distribution, and absence of 
spots. The main buildings of the Exposition were lighted in this 
way, using only one-tenth watt per square foot with the mazda 












770 


RYAN: ILLUMINATION OF 


[May 4 


B lamps, resulting in approximately one-half foot-candle average 
illumination for lamp heights, in some cases over 100 ft. (30.5 m.) 
above the floor. This illumination was primarily for janitor and 
police service, exhibitors being required to furnish their own 
lighting. 

‘^Life Within^^ Effects, At previous expositions the windows 
were dark at night, producing a gloomy effect. In addition to 
lighting up the general architecture with proper relative values 
of illumination, lights were placed behind the windows which 
had been glazed with diffusing glassware, having a good daylight 



Fig. 16 —Interior Surface Illumination—Festival Hall 

texture. In some cases, for the introduction of color, the diffu¬ 
sion was increased by painting the glass. The general effect at 
night was of festivity, of ^dife within’^ which added animation 
to the general charm of the Exposition, particularly when viewed 
from an elevation. 

Lamps for window lighting ranged in size from 60 to 250 watts, 
depending upon the size of the window to be lighted. The 
clerestory windows which were unpainted, were lighted by 150- 
watt lamps dipped in orange lacquer. Practically all of the 
entrance windows were painted, and these were illuminated by 
clear lamps in sheet tin extensive reflectors. All of the window 
lights, with the exception of those in the domes, jvere suspended 
on drop cords. The dome windows were lighted by 250-watt 
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lamps in angle reflectors mounted five feet to the rear of the 
windows. 

Combination Fountain and Light Sources, The original foun 
tains of the Rising and Setting Sun, in the Court of the Universe 
designed by McKim, Mead and White, were 65 ft. (20 m )hiah In 
order to accommodate the lighting the architects increased the 
height to^ approximately 95 ft. (29 m.) and constructed them 
as shown in Rig. 18. The flutes of the 31-ft. (9.4-m ) section 
beginning at a point 37 ft. (11.3 m.) above the ground surface 
were made of i-in. (6.35-mm.) thick special diffusing glass,’ 
backed tip by a secondary sheet of sand-blasted glass to eliminate 
structural shadows. By arranging 96 1500-watt mazda lamps 
in twelve rows of eight each, this section of the fountain became 
an immense candle oi light source at night. To dissipate the 



heat generated by this bank of lamps, consuming 144 kw., a 
5-h.p. blower was installed in the base of each fountain and 
created a forced cooling draft which was discharged from air 
vents at the base of the ball surmounting the shaft. This ball 
was lighted from the inside by eight 250-watt mazda lamps. 
Notwithstanding the fact that the 96 lamps in each one of these 
fountains had a combined initial spherical candle power of 
approximately one quarter of a million, the intrinsic brilliancy 
was relatively low and did not cause disagreeable eye strain. 
The horizontal and vertical surfaces illuminated by the two 
fountains were approximately one-half million square feet 
(46,450 sq. m.). 

To carry out the night effect of these fountains, the figure 
surmounting the glass ball was lighted by two 6-volt, 108-watt 
incandescent spot-lights located on the roofs of the adjoining 
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buildings. The sculptured friezes above the two basins were 
lighted by twenty-four 150-watt lamps in weatherproof solid 
body angular reflectors submerged in each basin (Fig. 19). The 
isolux chart in Fig. 20 shows the initial calculated values for the 
Court of the Universe and the North Approach. The isolux 
curves shown in the court proper were calculated from the 



Fig. 18—Elevation of Fountain in the Court of the Universe 


initial candle power values of the 1500-watt lamps in the foun¬ 
tains. Subsequently, for escononiic reasons, the illumination 
was reduced by lowering the voltage on the lamps in order to 
lengthen their life. The approach to this court was lighted by 
sixteen 1500-watt lamps, installed in a shell design type of 
standard. These standards were located on the balustrade 
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surrounding the central pool and flood-lighted the building 
facade, the promenade receiving most of the light by reflection 
from the large columns and the overhanging cornice. 

Relief Wall Lighting by Concealed Sources. The practise of 
past expositions has been to place exposed lamps on the rear of 
the columns to light the back walls. This resulted in lines of 
light being visible from almost any point of view, which de¬ 
tracted from the appearance of the columns. 

In the lighting of the colonnades in the Court of the Universe 
and the Court of the Four Seasons, three column cups were sunk 
into the central flute in the rear of each column, in the case of 



Fig. 19 —Cross Section of Angular Weather-Proofed Reflector 

the former, and on the center line of the plain columns in the 
latter case. These column cups were of pressed opal glass and 
embedded in the columns (Fig. 21) and spaced 10, 22 and 34 
ft. (3.05, 6.7 and 10.4 m.), respectively, above the floor level 
of the colonnade. Fig. 22 shows the distribution character¬ 
istics of this type of cup with a 150-watt clear mazda lamp. 
The walls were illuminated with a rising light resulting in a total 
absence of specular reflection and an average illumination on the 
wall surface of approximately 4 foot-candles. The illumination 
curve (Fig. 23) shows the values obtained on a vertical line 
directly back of one of the columns and curve a-a, Fig. 20, shows 
the calculated illumination on a horizontal line along the wall 
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surface 6 ft. (183 cm.) above the floor level. While the column 
^ta.ps were invisible from any part of the court proper, when 
■v-iewed from the rear of the colonnade they appeared like great 
<3-3rops of molten metal, producing an unusual effect. 

The Creation of Mystery in the Lighting of Open Courts. In 
designing the Court of Abundance, the architect wished to im- 
I^x-ess as far as possible a feeling of mystery, or something carrying 
'the mind down through the ages. This effect was strengthened 



Fig. 21 —Cross Section of Column Cup 

by a harmonious blending of illumination by searchlights, 
incandescent lights, gas flambeaux and illuminated steam. 

The general illumination of this court came from three sources: 
1:116 snow crystal standards, the cloister lanterns and the gas 
fistmbeaux. The snow crystal standard, or as it was sometimes 
called, the ''sunburst’' (because of the design suggestion), con¬ 
tained over 600 15-watt round globe orange-dipped incandescent 
Inmps. There were two of these standards in the main court 
^xid four in the north approach to this court. On either side and 
a.1: the spring line of each cloister arch there was suspended a 
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Gothic lantern with orange glass panels. In addition to lighting 
the cloister and the adjacent gardens these lanterns were es¬ 
pecially valuable for their decorativeness. The gas flambeaux 
were formed by four rising serpents hissing fire into a flaming 
caldron. There were six of these located in the court proper and 
sixteen in the north approach to the court. 

The additional ^^effect’’ lighting came from the boiling steam- 
electric caldrons flanking the east and west entrances, the steam- 
electric torches of the organ tower, the flood and relief lighting 
of this tower and the illuminated steam issuing from the ball of 
the central fountain. The steam used in producing these effects 



Fig. 22 —Candle-Power Distribution of 150 - Watt Mazda Lamp in 

Column Cup 

was delivered by a 15-h.p. gas-fired boiler located in the base of" 
the organ tower. The color tone of the court at night ranged 
from orange to rose red. • 

Flood and Relief Lighting to Obtain Artistic Reflections. In 
order to create reflections of unusual beauty, especially in the 
illumination of the Palace of Fine Arts, banks of searchlights 
with diverging doors of varying degrees, designed to meet the 
rep'^i^^^^^ts, were used to flood-light the building, producing 
what might popularly be called “triple moonlight”. This was 
supplemented by concealed yellow incandescent light in the 
soffits of the cornices to the rear of the columns, thereby pro¬ 
viding three effects: flood lighting, relief lighting, or the com 
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bination of both. Variety was obtained for special occasions by 
the introduction of color into the searchlight beams. 

Concealed Cascade Lighting. In the lighting of cascades at 
previous expositions, either the source has been visible, or a 
reflection of the source, which is equally undesirable. The 
cascades in the Court of the Four Seasons were so illuminated 
that neither the light sources nor their images in the water were 
visible. By the use of green light on the rear surface and red 
and orange on the front, the effect of iridescence was produced. 

Preservation of Curvature and Detail in Relief. The preservation 
of the curvature and detail in relief was accomplished by lights 



FOOT-CANDLES 

Fig. 23 —Court of Four Seasons—Colonnade Wall Illumin.4tion 

A —150-watt Mazda lamps in column cups. B —2-Ught luminous arc banner standards. 
C —Column cups and banner standards. 

of different strengths and colors thrown from different or opposite 
directions on the same object. For example, to preserve the 
curvature of the walls and the relief of the figures in the four 
season niches of the Court of Four Seasons, 50 100-watt mazda 
lamps ranging from red to canary, in metal reflectors, were 
installed on the top rear side of the niche colonnade (Fig. 24). 

The main arches throughout the Exposition were lighted with 
concealed red light on one side and pale lemon yellow on the 
other. All of the lamps used in any one arch were of the same 
initial candle power, but, due to the difference in absorption 
of the two colors, the light from one side was of much greater 
intensity than from the other, thereby preserving the curvature 
and depth in relief. 
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Changeability of Lighting Effects. Three-hundred and seventy- 
three arc searchlights, ranging in size from 13 to 36 in. (33 to 
91.4 cm.), were used throughout the Exposition, and 450 con¬ 
centrated-filament mazda searchlights, forming a so-called 
‘'mosquito fleet’’, were also employed. By the use of colored 
gelatine screens, it was an easy matter on short notice to change 
the entire aspect of the Exposition by coloring the lights on the 
flags, towers and buildings (flooded with searchlights) as well 
as the rays of the scintillator. For instance, on the 17th of 
March, the Exposition, including the canopy above, was illumined 
in green tones; on Orange Day, orange prevailed; on the "Nine 
Years After” anniversary of the burning of San Francisco, red 
was the predominating color; and on Santa Clara Day, red and 



Fig. 24 Season Niche Lighting—Court of Four Seasons 


white, the colors of the university, were used—thereby making 
it possible for the first time to introduce considerable variety 
on short notice, and at nominal expense, into the illumination 
effects of an international exposition. 

In conclusion, the lighting consisted primarily of direct, 
masked, concealed and projected effects, created by a harmonious 
blending of luminous arcs, searchlights, mazda lamps and gas 

The high-current luminous arc lamp was selected for general 
oo lighting of the facades, lawns and shrubbery, on account of 

e white quality, high efficiency and relatively low maintenance 
cost where great quantities of light were required. 

The searchlights were used for illuminating towers and min a. 






1916 ] PANAMA-PACIFIC EXPOSITION 779 

rets, flags and other features where concentration and high in¬ 
tensity were necessary. 

Mazda lamps, in all sizes from 10 to 1500 watts, were employed 
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generally throughout the Exposition, especially where space was 
limited, where warm, normal tones were required and flexibility 

was of fundamental importance. 

High-pressure gas lighting played an important part in street 
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lighting in the Foreign and State sections, low-pressure gas for 
emergency purposes, and gas flambeaux for special effects. 

The unusual consideration given to esthetics and the sup¬ 
pression of high intrinsic brilliancy effects, naturally introduced 
certain features in the lighting which, from a purely engineering 
point of view, would be regarded as inefficient. Taken as a 
whole from the point of effects obtained, initial cost, maintenance 
and general efficiency, it was broadly conceded that the illumi¬ 
nation of the Panama-Pacific International Exposition surpassed 
that of all previous expositions. 


GENERAL LIGHTING AND POWER DATA 
Panama-Pacific International Exposition— 1915 


Incandescents installed and operated by Exposition Co. (approx.) 
Luminous Arcs “ “ 

Searchlights “ “ 

Pumps “ “ 

Total Power and Light “ 

State and Foreign Buildings 

“ H <1 (( 

“ *« 1 < (, 


Total Power and Light—States and Foreign Sites. 

Zone Light inside. 

Light outside. 

Power. 

Total Power and Light—Zone. 

Exhibitors D-C. Light. 

D-C. Power. 

A-C. Light... 

A-C. Power... 

Total Power and Light—Exhibitors. 

Total Connected Load at Exposition., 

Peak Load, occurred February 20th, 7:45 p. m.. I. 

Average Peak. 

Installed and Operated by Exposition Company 

Mazda incandescent outlets (approx.).. 

Mazda incandescent standards... ' ' 

6.6-ampere ornamental luminous arcs.. 

Luminous arc standards.. 

High-pressure gas “arcs”. 

(standards). 

Low-pressure gas lamps. .. ‘ ' 

Searchlights (100 13-in.; 200 IS-in.; 25 30-in.; 48 36-in.)_ 

Total pieces of illuminating glassware (approx.)... .' y... 


a u 


44 (4 


Light inside... 
Light outside. 
Power. 


Total kw. 


3050 

548 

1792 

750 

0740 

710 

134 

75 


925 

1352 

070 

875 


2903 


45 

618 

1293 

1430 


3380 


13954 

8200 

7880 


Number 

..35000 
. . 588 

. . 800 
. . 208 
. . 275 

. . 205 

. . 232 

. . 373 

.. 5000 
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r 34—View of Tower of Jewels Showing Method of Suspending 
Jewels and Red Lamp for Relief Lighting 
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Fig. 35 —Electric—Color—Steam—Scintillator 



Fig. 36 —Interior View of Scintillator Pier 

This shows color screens resistances and distribution circuits 
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37—Interior View of Scintillator Pier 

This shows motor-generator set with station apparatus. 


[ry.\n] 


















Fig. 38—Panoramic View from Fillmore Hill 
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Fig. 39—Street Lighting—States and Foreign Sites 

Approximately four miles of streets in this section were illuminated by 206 Penn Globe ornamental high 

pressure gas arcs 
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Fig. 40—Night View West Entrance to Zone 

In addition to the concessionaires’ usual outline lighting, the exposition 
company maintained a combination system consisting of five-light Hum¬ 
phrey gas arcs in ornamental lanterns and in pairs tied together by an arch 
of Mazda lamps with star-shaped triple reflectors supporting red ribbon 

festoons. 
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This shows the towers bathelHn red relief lighting befi^e the flood lighting was turned oii—-It also show^ 
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Fig. 42—^ight View of Tower of Jewels and Manufacturers^ Building 

Illustrating the preservation of depth, or the third dimension in light by a combination of white flood 
light and color relief light—The scintillator and fireworks were approximately one-third of a mile in the 
background 
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Fig. 43—South Portal—Palace of Industries 

Showing three-light, 36-foot Cartouche standards—This illustrates 

excellent depth of detail with normal shadows 
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Fig. 46-^A Section of Gourt of AbundMice 


Showing the organ tower and Aitken fountain, with steam caldrons and 
fiery serpent flambeaux—In addition to the happy effect of the orange 
colored cloister lanterns, the flaring gas and ruby steam caldrons and torches 
on the tower did much to heighten the feeling of mystery in this Court at 
night. 
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600,000 and lighting an eqtial number of horizontal and vertical square feet—In the day time these candles 
lost their indentity and appeared as soUd travertine columns, thereby preserving their architectural strength 
in effect—The lights of the Atlahtes which mark the perimeter of the Sunken Gardens were for ornamental 

purposes only, and did not add appreciably to the surface lighting 













PLATE XXXV. 
A. 1. E. E. 
VOL. XXXV, 1916 









PLATE XXXVI. 
A. I. E. E. 
VOL. XXXV, 1916 



ifSIjiSij 
























PLATE XXXVIII. 

A. I. E. E. 
VOL. XXXV, 191®* 



(i> 

*cS ^ 
M o 
o 0 

^ a 

bX) g 
5=^ 

J4 

O M 

o .2 


es ^ 

!3 O 

MH 

to 00 

<D 

'S 04 

S ^ 

S « 

a ^ 

<D -»-» 

£ •+-» 

a 

Ji4 c3 
j-i s 
OS .2 
T3 ^ 











PLATE XXXIX. 
A. I. E, E. 
VOL. XXXV, 1916 



*1 


Fig. 61—West Arcade Entrance—Court of|Four|Seasons 

TMs Illustrates the uniformity of illumination of the facade and shows the rotunda of the Palace of Fine 

Arts in the distance 
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An excellent illustration of color harmony 
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This shows the Horticulture Building in the foreground, and the towers of the Court of Palms 
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Fig. 54—Reflection in East Lagoon-t^South Gardens ‘ 

Festival Hall on the right and the towers at the approach ^ the CJc^t of Flowers at the left 
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Fig. 56—Tower of Jewels 

This tower was 436 feet high and was decorated with 102,000 Novagem 
Jewels^—the tower was flood lighted with search-lights and the shadows 
were illuminated with rose red light 
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Fig. 66—West Facades of Palaces of Education and Food Products 
Uluiniiiated with 36-foot Cartouche standards, each containing three 6.6-ampere luminous arcs 
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Fig. 57—Night View Under Trees—West Facade 

A very striking illustration of light and shadow through the trees, and 
forming one of the most pleasing effects of the Exposition 
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South. Wing 


Peristyle Palace of Fine Arts 

A remarkable joight picture 

















Fig. 60 
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Seen from the Rotunda 
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^ lig; 62—South Wing—Palace 

A very af tistic setting and illustrating the preservation of detail in light, Shadow and color under artificial 

' light 
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Fig. 63—The Electric-Steam-Color-ScintiUator 
Taken at the time of the firing of the Zone salvo 
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Fig. 64-^the Closing Salvo, Midnight^ Decembejr 4, 1915 
At this instant the main lights were extinguished from the towers and the Exposition was officiaUy closed 
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